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PREFACE 


Many  model  order  reduction  techniques  exist.  However,  most 
of  these  techniques,  though  based  on  sound  theory,  require  many  man 
hours  of  analysis  and  prior  system  insight  to  perform.  This  thesis 
implements  a  model  order  reduction  technique  developed  by  Dr  Bruce 
Moore  of  the  University  of  Toronto  and  applies  the  resulting  sofrware 
package  to  find  a  reduced  order  model  of  a  B-52E  flutter  control  prob¬ 
lem  which  is  currently  of  concern  to  the  Air  Force  Flight  Dynamics 
Laboratory.  This  particular  technique  utilizes  a  well  defined,  highly 
efficient  algorithm  resulting  in  impressive  reduced  order  models. 
Although  other  techniques  may  be  found  providing  a  reduced  model  of 
similar  order,  this  technique  has  a  distinct  advantage  in  that  it  is 
highly  systematic  and  may  be  totally  computer  automated  through  the 
use  of  "high  quality"  software  routines  of  IMSL,  Eispack  or  Linpack 
(Ref  13). 

The  model  order  reduction  technique  currently  in  use  by  die 
Air  Force  Flight  Dynamics  Laboratory,  Flight  Control  Division  under 
Dr  Bob  Schwanz,  requires  human  decisions  to  determine  which  modes 
of  a  system  to  retain.  The  technique  to  be  investigated  herein  re- 

f 

quires  no  such  human  decision. 

An  interactive  computer  program  employing  Dr  Moore's 
algorithm  as  well  as  offering  other  related  options  is  presented  in 


li 


the  hope  the  user  may  obtain  reduced  order  models  representing  his 
(till  order  system  and  investigate  the  reduced  order  model's  robust¬ 
ness  properties  in  an  efficient  manner. 

I  wish  to  thank  Lt  Stanley  J.  Larimer  for  his  help  in  interfacing 
with  TOTAL  to  obtain  the  time  and  frequency  domain  responses  that 
were  crucial  for  evaluation  of  this  model  order  reduction  technique. 

I  would  like  to  thank  Capt  Jerry  Stinson  for  his  help  and  assistance  in 
learning  how  to  use  the  ASD  Computer  System. 

My  sincere  gratitude  is  extended  to  Major  J.  Gary  Reid, 
without  whose  extensive  knowledge  and  genuine  zeal  for  this  project 
would  have  made  it  an  impossibility.  I  would  like  to  also  thank 
Dr  Bob  Schwanz  of  the  Air  Force  Flight  Dynamics  Laboratory  for 
his  help  and  sponsorship  of  this  project. 

I  wish  to  thank  my  wife,  Kathy,  and  my  son,  Jake,  for  their 
understanding  and  encouragement  when  I  really  needed  it.  Finally, 
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her  outstanding  work  in  typing  this  thesis. 
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ABSTRACT 


This  report  investigates  a  model  order  reduction  technique 
developed  by  Dr  Bruce  Moore  of  the  University  of  Toronto,  as  applied 
to  the  B-52E  flutter  control  problem  currently  under  study  by  the  Air 
Force  Flight  Dynamics  Laboratory.  The  algorithm,  which  is  based 
upon  singular  value  analysis,  is  applied  to  the  full  twenty-fourth 
order  model  yielding  an  internally  balanced  representation  which  is 
balanced  with  respect  to  controllability  and  observability  properties. 
The  system  is  reduced  in  order,  and  comparisons  are  made  between 
the  Moore  algorithm  model  and  that  obtained  via  a  method  used  by  the 
Air  Force  Flight  Dynamics  Laboratory. 

In  addition  to  this  investigation,  an  interactive  program  is 
presented  which  contains  the  model  order  reduction  algorithm.  Other 
capabilities  include:  estimation  of  the  condition  number  with  respect 
to  inversion,  singular  value  and  condition  number  plotting  vs.  sample 
time  for  discrete  time  controllability,  observability,  and  Hankel 
matrices,  frequency  response  generation,  and  various  special  co¬ 
ordinate  system  transformations. 


I.  INTRODUCTION 


High  speed  digital  computers  allow  us  to  investigate  systems 
fester  than  ever  before  possible.  However,  these  computers  have 
memory  and  central  processor  utilization  time  restrictions.  Many 
systems  such  as  chemical  processes  and  mechanical  structures  have 
large  dimension,  complex  system  models.  Some  systems,  such  as 
temperature  control  systems,  are  described  by  partial  differential 
equations.  Such  systems  are  infinite  dimensional  and  are  called  dis¬ 
tributed  parameter  systems.  Another  example  of  a  distributed  para¬ 
meter  system  is  the  flexible  wing  on  an  airplane.  These  partial 
differential  equations  must  be  transformed  to  ordinary  differential 
equations  to  yield  a  finite  system  model.  Often  these  system  models 
exceed  the  computer's  memory  restrictions  and  a  lower  order  model 
must  be  found.  For  a  typical  distributed  parameter  system  ,  sys¬ 
tem  orders  in  the  range  of  100  or  more  are  common  and  are  considered 
large  dimension  systems. 

Two  applications  for  reduced  order  models  are  simulation  and 
on-line  control.  In  simulation,  the  desire  is  possibly  to  test  equip¬ 
ment  or  algorithms  with  the  system  model.  To  be  feasible  in  terms 
of  cost  and  turnaround  time,  it  is  highly  desirable  to  utilize  a  reduced 
order  model  which  replicates  the  actual  system  accurately  while  being 
of  sufficiently  small  dimension  so  as  to  allow  cost  effective  simulation. 


The  other  application  is  on-line  control,  This  occurs  when  a 
controller  is  trying  to  control  an  actual  system  on-line  in  real-time. 
The  model  used  for  control  calculations  must  be  small  enough  so  as 


not  to  exceed  the  computation  time  required  for  effective  control. 

Often  in  on-line  control,  a  Kalman  filter  is  required  to  estimate  the 
states  of  the  system.  A  reduced  order  model  can  be  highly  benefi¬ 
cial  to  a  Kalman  filter  design  also. 

The  hardest  task  in  designing  a  Kalman  filter  is  obtaining  an 
accurate  representation  of  the  system  (i.e.  ,  the  model).  Unfort¬ 
unately,  the  system  order  is  often  too  great  for  efficient  Kalman 
filter  implementation.  For  an  n-dimensional  system,  where  n  is 
large,  the  number  of  multiplies  that  must  be  accomplished  by  a  Kalman 
filter  is  proportional  to  ns  (Ref  22).  The  Kalman  filter  gain  requires 
the  solving  ot  n(n+l)/2  simultaneous  equations.  Clearly,  if  the 
model's  order  could  be  reduced  while  still  yielding  "good”  results, 
computational  burden  could  be  decreased  substantially.  As  an  ex¬ 
ample,  if  the  original  system  is  twenty-fourth  order  (24  state  var¬ 
iables),  then  300  simultaneous  equations  must  be  solved  to  calculate 
the  Kalman  filter  gain.  If  the  model  could  be  reduced  to  tenth  order, 
only  55  simultaneous  equations  need  be  solved. 

Other  applications  such  as  controller  design  and  actual  on-line 
controller  implementation  require  models  of  sufficiently  low  order. 

* 


2 


Therefore,  the  need  exists  to  efficiently  and  accurately  reduce  the 
order  of  a  system  model  without  a  prohibitive  loss  of  accuracy. 
Background  and  Problem  Statement 

Many  model  order  reduction  techniques  exist.  Rogers  and 
Sworder  (1971)  chose  model  parameters  to  optimize  a  certain  cost 
functional.  Hutton  and  Friedland  (Ref  17)  suggest  the  use  of  Routh 
approximants.  A  Routh  approximant  is  defined  by  making  the  Routh 
table  coefficients  for  the  approximant  match  those  of  the  original 
system  to  a  given  order.  Chien  and  Shfeh(l968)  propose  the  use  of 
ftde'  approximants.  A  Pade’  approximant  is  defined  by  choosing  the 
coefficients  such  that  the  Taylor  sines  expansions  of  the  approximant 
and  the  original  system  agree  in  as  many  terms  as  possible  for  a  pre 
determined  system  order  lower  than  that  of  the  original  system. 

Many  "dominant  mode  retention"  procedures  including  that  of 
Chidambara  (1967)  and  Marshall  (1966)  exist.  Norm  minimization 
techniques  such  as  the  one  proposed  by  El- Attar  and  Vidyasagar 
(Ref  14)  can  be  found  in  the  literature.  The  list  is  long.  The  main 
point,  however,  is  that  many  techniques  exist. 

Some  of  these  techniques  result  in  unstable  reduced  order 
models  when  given  a  stable  full-  order  model.  Some  are  not  easily 
implemented  on  a  computer,  and  thus  many  man  hours  must  be 
spent  in  deriving  the  reduced  order  model.  Some  techniques  work 
with  state  space  models,  others  with  transfer  functions,  and  still 
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others  deal  with  the  full-order  differential  equations  of  the  full-order 
system. 

The  problem  to  be  investigated  in  this  paper  is  to  implement 
and  analyze  a  model  order  reduction  algorithm  developed  by  Dr  Bruce 
Moore  of  the  University  of  Toronto  (Ref  24,  25).  This  algorithm 
minimizes  many  of  the  aforementioned  problems  associated  with 
model  order  reduction  techniques.  The  Moore  algorithm  actually 
implements  working  subspaces  for  the  Kalman  minimal  realization 
decomposition  (Ref  19). 

The  Moore  algorithm  actually  contains  four  paths  that  may 
be  followed,  all  of  which  yield  reduced  order  models.  These  paths 
include: 

1)  A  reduced  order  model  that  is  "optimal"  in  response 
to  an  Impulse  input  (optimal  in  the  sense  that  this  particular  model 
more  closely  resembles  the  original  system  if  both  are  subjected  to 
an  impulse  input). 

2)  A  reduced  order  model  that  is  "optimal"  in  response 
to  a  step  input. 

3)  A  reduced  order  model  which  weights  the  steady 
state  portion  of  the  response  to  a  given  input  more  heavily  than  the 
transient  portion. 


4)  A  reduced  order  model  which  weights  the  transient 


portion  of  the  response  to  a  given  input  more  heavily  than  the  steady 
state  portion. 

Statement  of  Purpose 

The  purpose  of  this  thesis  is  twofold.  The  first  objective  is 
to  develop  software,  both  interactive  ami  batch,  which  implements 
the  Moore  algorithm  and  investigates  its  properties  in  both  the  fre¬ 
quency  and  time  domains. 

The  second  objective  is  to  take  this  software  and  apply  it  to 
a  practical  Air  Force  Flight  Dynamics  Laboratory  (AFFDL)  problem, 
specifically  that  of  finding  an  accurate  reduced  order  model  for  the 
B-52E  flutter  control  problem. 

Scope  and  Approach 

The  objectives  are  accomplished  in  the  following  manner. 

First,  batch  software  is  developed  to  obtain  the  B-52E  flutter  con¬ 
trol  problem's  state  space  model.  Next,  an  interactive  program 
called  MIMO  is  developed  to  investigate  the  application  of  the  Moore 
algorithm  to  the  full  order  system  model.  The  actual  application 
of  the  Moore  algorithm  to  the  full  order  system  will  be  accomplished 
by  a  batch  program  because  the  full  order  system  is  twenty-fourth 
order  which  exceeds  MIMO's  tenth  order  capability,  However,  the 
actual  coding  of  the  algorithm  is  identical. 


In  addition  to  the  application  of  the  Moore  algorithm,  MIMO 
provides  options  for  singular  value  vs.  sample  time  plots  (see 
Section  III),  discretize  the  continuous  time  linear,  time-invariant 
state  space  system,  estimate  die  condition  number  with  respect  to 
inversion  for  a  square  matrix,  obtain  the  discrete-time  control¬ 
lability,  observability,  and  Hankel  matrices,  obtain  the  steady  state 
controllability  and  observability  grammians,  obtain  the  frequency 
response  for  the  balanced  system,  list  the  singular  values  and  singu¬ 
lar  vectors  of  a  matrix  as  well  as  obtain  various  special  state  coordi¬ 
nate  systems  (see  Section  III). 

MIMO  utilizes  overlays  which  allow  a  modular  design  and 
save  computer  memory.  MIMO  is  designed  to  allow  the  implemen¬ 
tation  of  future  options  which  utilize  the  data  base  provided  by  the 
program. 

Organization  of  Thesis 

The  thesis  Is  organized  in  the  following  manner: 

(1)  Background  and  algorithm  development  is  presented  in 
Section  II. 

(2)  In  Section  III,  the  interactive  program  MIMO  is  ex¬ 
plained  and  its  options  presented. 

(3)  Section  IV  compares  several  model  order  reduction 
techniques  with  the  Moore  algorithm  for  a  third  order  SISO  (single- 
input-single-output)  system. 
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(4)  In  Section  V,  the  application  of  the  Moore  algorithm 
to  die  B-52E  flutter  control  problem  is  presented.  At  this  point, 
comparisons  are  made  between  the  Moore  technique  and  the  modi¬ 
fied  Schwendler  and  MacNeal  technique  (Ref  32)  currently  in  use  by 
AFFDL. 

(5)  Finally,  the  conclusions  and  recommendations 
(Section  VI),  concerning  Moore's  algorithm  and  its  applicability  to 
problems  of  finding  reduced  order  models  for  the  B-52E  flutter 
control  problem,  are  presented. 


II.  PRESENTATION  OF  THE  ALGORITHM 


Introduction 

With  the  advent  of  digital  computers,  the  ability  to  analyze 
large  dimension,  linear  systems  has  been  established.  Unfortunately, 
even  with  the  speed  of  digital  coinputers,  many  linear  systems  possess 
such  a  large  dimension  that  real-time  computations  are  prohibited. 

The  model  order  reduction  problem  is  borne  from  this  type  of  situa¬ 
tion.  Though  many  techniques  exist,  there  is  no  widely  accepted 
method  that  completely  solves  the  model  order  reduction  problem. 
Therefore,  the  need  for  an  efficient  algorithm  persists. 

The  Moore  technique  takes  a  novel  approach  in  that  it  addresses 
whether  a  state  is  close  to  being  redundant  as  versus  merely  accepting 
a  given  state  to  be  redundant  or  non-redundant.  Transforming  a  sys¬ 
tem  into  a  state  coordinate  system  in  which  this  state  redundancy  is 
clearly  presented  is  a  topic  introduced  by  Kalman  (Ref  19)  in  1963. 

The  Kalman  theory  provides  a  basis  for  the  Moore  approach. 

The  remainder  of  this  section  will  be  organized  in  the  following 
manner.  First,  the  basic  model  order  leduction  problem  will  be  de¬ 
fined.  Second,  the  Kalman  theory  of  minimal  realization  will  be 
discussed.  Next,  the  relationships  between  the  Kalman  theory  and 
the  Moore  algorithm  will  be  presented.  The  Moore  algorithm  actually 
consists  of  four  paths.  Each  path  will  be  discussed  in  detail  as  well 
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as  when  a  particular  path  might  be  desirable  will  be  presented.  Many 
existing  model  order  reduction  procedures  work  well,  but  they  don't 
provide  a  basis  for  determining  the  minimum  order  of  a  reduced 
order  model  for  an  "accurate"  (user- defined)  reproduction  of  the 
original  system.  The  Moore  algorithm  does  present  such  decision 
information.  This  will  be  discussed  following  the  presentation  of  the 
four  algorithm  paths.  Finally,  the  algorithm  will  be  summarized 
and  unique  properties  discussed. 

Problem 

For  this  study,  only  linear,  time -invariant  systems  are  con¬ 
sidered,  and  in  analysis  of  these  systems,  the  following  problem  is 
common:  given  a  system  of  high  dimensionality  described  by  n  first 
order  differential  equations  as: 


x  =  Ax  + 

Bu 

£  =  Cx  + 

Du 

(2) 

where  x  is  an  n-vector  (n  x  l) 

it  is  a  q-vector  of  inputs  (q  x  l) 

£  is  a  m-vector  of  outputs  (m  x  1) 
(usually  n?*m  or  q) 

A  is  n  x  n 


B  is  n  x  q 
C  is  m  x  n 
D  is  m  x  q 
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This  form  is  known  as  the  state  variable  representation  of  the  system. 
A  system  of  the  form: 


• 

X  _  = 

A,  x  + 

B  u 

(3) 

— r 

r-r 

r— 

It  = 

Cr—  r  + 

Du 

(4) 

where  jcr  is  a  r-vector  and  r<<  n,  is  desired  such  that  this  low  order 
model  preserves  the  "important"  input-output  properties  of  the  ori¬ 
ginal  system  (1)  ”  (2).  These  important  properties  include  frequency 
response,  transient  and  steady  state  response  and  that  the  resulting 
reduced  order  model  remain  at  least  as  controllable  and  as  observable 
as  the  original  system. 

Kalman  Theory  of  Minimal  Realization 

Kalman  uses  Giltert's  canonical  decomposition  procedure  to 
transform  a  state  variable  coordinate  system  into  a  coordinate  system 
in  which  the  system  is  clearly  divided  into  completely  controllable- 
completely  observable  (c.c.  -c.  o. ),  completely  controllable-completely 
unobservable  (c.  c.  -u.  o. ),  completely  uncontrollable-completely  ob¬ 
servable  (u.  c.-c.o. ),  and  completely  uncontrollable-completely 
unobservable  (u.  c.  -u.  o. )  portions.  Kalman  states  (Ref  19:169)  that 
a  system  is  irreducible  if  it  consists  only  of  the  c.c.  -c.  o.  portion  of 
the  original  system.  The  input-output  or  transfer  function  properties 
of  a  system  can  only  give  information  about  the  c.c.  -c.  o.  representation 
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of  a  system.  Another  interesting  result  presented  by  Kalman  is  that 
a  system  is  irreducible  if  the  rank  of  the  matrix  of  impulse  response 
functions  (the  Hankel  matrix)  is  of  rank  n.  Unfortunately,  however, 
the  c.  c.  -c.  o. ,  c.  c.  -u.  o.  ,  u.  c.  -c.  o. ,  and  u.  c.  -u.  o.  subspaces  cannot 
be  determined  accurately  on  a  computer  due  to  their  numerical  in¬ 
stability.  Also  the  subspaces  are  highly  state  coordinate  system 
dependent,  meaning  that  for  equivalent  state  space  representations 
of  a  system,  different  subspaces  exist.  The  Moore  algorithm  pre¬ 
sents  a  way  to  yield  a  coordinate  invariant,  numerically  stable  method 
of  obtaining  these  subspaces.  In  effect,  the  Moore  algorithm  provides 
"working  subspaces"  for  the  c.  c.  -c.  o.  subspace. 

Presentation  of  the  Moore  Algorithm  (Ref  24,25)  (Appendix  B) 

The  Moore  algorithm  finds  a  state  space  coordinate  system 
which  orders  the  states  with  respect  to  controllability  and  observ¬ 
ability  properties  (i.  e. ,  most  controllable- most  observable  states 
to  the  least  controllable-least  observable  states).  By  stripping  away 
the  bottom  states  (i.e. ,  the  least  controllable-least  observable  states) 
model  order  reduction  is  performed. 

The  controllability  grammian  (Equation  5)  and  the  observability 
grammian  (Equation  6)  allow  the  c.  c.  -c.  o.  subspace  to  be  numerically 
solved  for 

W l  (t)  =  eAt  [  I*'  e"ATBBTe"AtTdT]eAtt  (5) 

•'o 
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Wj(t)  =  eATt  [  P  e"ATTCTCe~ATdT]eAt  (6) 

Jo 

The  controllable  subspace  is 

Xc  =  Im  (W*(t) )  (7) 

The  uncontrollable  subspace  is 

T 

X  =  Ker  (W-  (t))  =  Ker  <\V *  (t) )  (8) 

r  c  c 

The  observable  subspace  is 

X0  =  Im  (Wq  (t)T)  =  Im  (Wq  (t))  (9) 

The  unobservable  subspace  is 

X-  =  Ker  (W=(t))  (10) 

Differentiating  equations  5  and  6  respectively  yields 

W J  (t)  =  AW^(t)  +  W*  (t)  at  +  C  BBT]  (11) 

Wg(t)  =  AT  Wj(t)  +  WqA  +  [CTC]  (12) 

Allowing  W*(t)  and  Wg(t)  to  be  zero  in  the  steady  state  produces  the 
algebraic  Lyapunov  equations 

O  =  AW£(t)  +  W|(t)  AT  +  [BBt]  03) 

O  =  ATWj(t)  +  Wj(t)  A  +  tCTC]  (14) 

By  solving  these  equations  for  W|  (t)  and  Wg(t)  yields  the  control¬ 
lability  and  observability  grammians  respectively.  By  characterizing 
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the  null  space  (kernal)  and  range  space  (image)  of  these  grammians, 
the  c.c.  -c.  o.  subspace  is  identified. 

However,  as  mentioned  previously,  these  subspaces  (gram¬ 
mians)  are  state  coordinate  system  dependent.  Therefore  the 
Moore  algorithm  transforms  the  system  into  the  internally  balanced 
state  coordi Rite  system,  X.  =  T  _X  ',  using  the  linear  transformation 
man  ix 


T  =  UQ  Eq1  U, ,  (Ref  25,  Appendix  B) 


(15) 


where  UQ  =  left  singular  vectors  of  the  observability  grammian  (for 
more  information  on  singular  values,  vectors  see 
Appendix  A,  Ref  36) 

E0  =  diagonal  matrix  containing  singular  values  of  the 
observability  grammian 


Ujj  =  left  singular  vectors  of  the  matrix 
hINF  *  Eo  uc  Ec 

E^  =  diagonal  matrix  containing  singular  values  of  the 
HINF  matrix 

Uc  =  left  singular  vectors  of  the  controllability  grammian 

^  =  diagonal  matrix  containing  singular  values  of  the  con¬ 
trollability  grammian 

The  Moore  algorithm  will  now  be  presented.  Each  of  the  four 


main  paths  will  be  explained. 


A  flow  chart  illustrating  the  Moore  algorithm  is  found  in 


Figure  1.  The  reader  is  encouraged  to  refer  to  References  24,  25 
and  to  Appendix  B  for  the  in-depth  development. 

Path  1  -  Impulse  Balancing.  The  algorithm  flow-charted  in 
Figure  1  is  the  "inpulse  balancing"  algorithm.  This  algorithm 
yields  its  best  results  (i.  e. ,  lowest  order  models)  for  a  system 
when  subjected  to  an  impulse  input.  This  is  not  to  say  that  reduced 
order  models  obtained  via  the  impulse  balancing  method  when  res¬ 
ponding  to  other  classes  of  inputs  (step,  sine,  etc. )  will  not  respond 
well.  The  point  is,  the  best  replication  of  the  original  system  for 
the  lowest  order  model  will  occur  if  the  model  and  the  original  sys¬ 
tem  are  responding  to  an  impulse  input. 

Path  2  -  Step  Balancing.  The  algorithm  is  now  modified  to 
balance  according  to  a  step  input.  When  this  is  accomplished,  the 
reduced  order  models  will  be  best  for  a  step  input. 

The  impulse  response  function  (assuming  no  feedforward 
term)  is 

Y_(t)  =  CeAc  B  (16) 

The  impulse  is  the  time  derivative  of  the  unit  step  function  (Ref  28:65). 
Therefore,  the  step  response  is  written 
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l  Using  the  power  series  representation  for  eAT  (Ref  29),  equation 

(17 )  can  be  written 

Y_(t)  =  C  CeAt-I]  A"XB.  (18) 

This  is  rearranged  to  produce 

Y(t)  =  CeAt  (A_1B)“CA“lB.  (19) 

Using  the  state  space  representation  of  the  transfer  function  matrix 
(Ref  11:131), 


G(s)  =  C  [si- A  ]  ”l  B,  (20) 

and  assuming  no  feedforward  elements  (no  D  matrix),  and  zero  initial 
conditions,  yields 


Y  (s)  =  C  [sl-A]_1BU(s). 


(21) 


Applying  the  final  theorem  to  equation  (20)  yields  (Ref  22:103) 


Y(s)l  =  -CA_1B.  (22) 

L  steady 
state 

Since  the  second  term  in  equation  (19)  is  indeed  the  steady  state  part 
of  the  step  response,  then  the  first  term  is  the  transient  portion. 
Therefore, 

Y(t)  I  =  CeAt  (A_1B).  (23) 

"  transient 
(step  input) 


The  Moore  algorithm  gives  results  for  the  impulse  response 

Y(t)  =  CeAtB.  (24) 

Therefore,  if  (A,  A_iB,  C)  is  input  to  the  original  balancing  algorithm, 
it  will  yield  the  transient  part  of  the  step  response  rather  than  the 
impulse  response.  The  steady  state  value  differences  between  the 
reduced  order  model  and  the  full  order  model  are  taken  care  of  by 
adding  a  compensating  D  matrix  to  the  reduced  order  system.  This 
matrix  is  defined  as 

DCOMP  =  "  ^CA  VlJLL  ”  (”^CA  ^REDUCED** 

Using  these  two  corrections,  the  algorithm  now  is  a  "step  balancing" 
algorithm  and  utilizes  the  knowledge  that  the  input  is  a  step  to  provide 
lower  order  models  for  a  step  input  than  the  impulse  balancing  algo¬ 
rithm  can.  Again,  reduced  order  models  providing  "good"  results 
can  be  obtained  using  both  the  impulse  balancing  and  step  balancing 
algorithms  for  other  classes  of  inputs,  but  if  the  algorithm  possesses 
knowledge  of  the  type  input,  lower  order  models  can  usually  be  attained. 

Rath  3  -  Infinite  Interval  Grammtans. 

Equations  13  and  14  presented  the  two  matrix  Lyapunov 
equations  that  yield  the  grammians  for  the  interval  between  zero  and 
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V 


infinity.  This  tends  to  weight  the  steady  state  characteristics  of  the 
balanced  design  more  heavily  than  the  transient  characteristics. 


Path  4  -  Finite  Interval  Grammians. 

If  the  original  integrals  in  equations  5  and  6  are  numerically 
integrated  from  0  to  t,  where  t  is  some  finite  time,  the  steady  state 
characteristics  of  the  resulting  model  would  not  be  as  dominant  as 
before.  This  path  is  not  investigated  in  this  thesis.  However,  through 
experimentation  an  "optimal"  t  could  probably  be  found  to  "weight" 
the  balanced  model  characteristics  equally.  This  path  is  discussed 
further  in  Section  VI  in  the  Conclusions  and  Recommendations. 

The  Hjnf  Matrix 

Most  model  order  reduction  techniques  do  not  present  a  means 
for  determining  the  lowest  possible  order  that  the  model  can  be  reduced 
to,  thereby  making  the  user  perform  many  iterations  to  find  this  mini¬ 
mum  order.  The  Moore  algorithm  does  offer  a  guideline.  The 
indicator  stems  from  the  H^p  matrix  which  is  an  integral  part  of 
the  Moore  balancing  algorithm.  (See  equation  (15)  and  the  definition 
of  terms  following  that  equation.  )  The  H^p  matrix  is  related  to  the 
discrete-time  Hankel  matrix  (matrix  of  impulse  responses)  (Ref  16), 
where  the  Hankel  matrix  may  be  defined  as  the  discrete  time  obser¬ 
vability  matrix  multiplied  by  the  discrete  time  controllability  matrix. 
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c 

CF 

• 

CB  CFB. . .  CFn_1B 

CFB 

• 

hankel  = 

• 

• 

CFn"1 

[B  FB.  ..Fn_1B3  = 

• 

• 

CFn-lB. . .  CF^n"l)B 

(26) 


where  F  =  e^  (T  =  sample  time).  The  Hankel  matrix  is  also  iden¬ 
tical  to  the  matrix  of  impulse  responses: 


HANKEL 


h(l)  . . .  h(N) 

h(2) 

•  • 


Jh(n) _ h(2N-l)J 


(27) 


Then,  taking  the  singular  value  factorization  of  the  Hr 

liNl' 

matrix  and  Hankel  matrix,  respectively,  yields  the  following  result: 


°h{nf  =  lim  a Hankel  (28) 

T  -*  o 

where  T  is  sampling  time 

T 

o  =  singular  value  (eigenvalue  of  H^p  H^p) 

Kalman  in  Reference  19  shows  that  the  rank  of  the  Hankel 
matrix  (matrix  of  impulse  response  functions)  gives  information 
on  whether  a  system  is  of  minimum  order.  Moore  uses  the  con¬ 
tinuous-time,  coordinate-invariant  matrix  to  provide  similar 

information. 
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This  can  best  be  understood  by  using  the  geometrical  concept 
provided  by  the  singular  value  factorization  of  the  Hj^p  matrix  (see 
Appendix  A,  B).  The  singular  values  of  the  H^p  matrix  are  the  axis' 
lengths  of  the  hyperellipsoid  described  by  singular  vectors  of  the 
Hjnp  matrix.  The  Hj^p  matrix  (similar  to  the  discrete-time 
Hankel  matrix)  has  embedded  in  it  controllability /observability  pro¬ 
perties.  The  "large"  singular  values  are  the  axis'  lengths  of  the 
major  axes  of  the  hyperellipsoid.  These  major  axes  span  the  con¬ 
trollable/observable  subspace.  Therefore,  the  "small"  singular 
values  correspond  to  the  minor  axes,  and  thus  the  uncontrollable/ 
unobservable  subspace.  State  redundancy  is  caused  by  uncontrollable/ 
unobservable  states  (Ref  25).  Therefore,  the  number  of  "large" 
singular  values  define  the  dimension  of  the  controllable /observable 
(thus  nonredundant)  state  space. 

Example 

An  example  is  now  presented  which  illustrates  the  state  coord¬ 
inate  dependency  of  the  controllability  and  observability  grammians. 

The  internally  balanced  representation  will  tlien  be  presented  showing 
die  coordinate  invariant  grammians  (thus  coordinate  invariant  subspaces). 


The  example  has  transfer  function 


Three  test  cases  were  run.  In  each  case  the  A  matrix  is 


A  = 


0 

0 

-15 


1 

0 

-11 


0 

1 

-5 


For  case  1,  the  B  and  C  matrices  are 


Cj  =  [10  0] 


(30) 


(31) 


For  case  2,  the  B  and  C  matrices  are 


®2 


C2  =  [IX  10**  0  0] 


For  case  3,  the  B  and  C  matrices  are 


0 

0 

lx  10+a 


Cg  =  [lx  10"*  00] 


(32) 


(33) 


The  impulse  balanced  system  for  imputes  input  for  each  case  is 


A '  = 

B' 


.  508  l.  71 

-3.46  l.  61 

-1.61  -1.18 


,  C'=  [.202  -.152  -.253] 


(34) 


The  step  balanced  system  (Moore  balanced  system  for  step  input)  for 

each  case  is 
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The  respective  controllability  and  observability  grammians  are  shown 
in  Table  I.  This  table  shows  the  considerable  variance  in  the  magni¬ 
tude  of  the  elements  in  the  controllability  and  observability  grammians 
for  Cases  1,2,3.  The  grammians  shown  for  the  impulse  balancing  and 
the  step  balancing  algorithms  are  unique  for  the  given  system. 

TABLE  I.  Test  Case  Controllability 
and  Observability  Grammians 


CASE  CONTROLLABILITY  OBSERVABILITY 

GKAMMIAN _  GRAMPIAN 


1 

4.2E-3 

1.8E-12 

-1.3E-2 

l.SE-12 

1 . 3E-2 
1.6E-11 

-1.3E-2 

1.6E-11 

1.4E-1 

6.8E-1 

2.3E-1 

3.3E-2 

2.3E-1 

1.2E-1 

2.1E-2 

3.32-3 
2.1E-2 
4. 2£-3_ 

2 

'  4.2E-7 
1.8E-16 
-1.3E-6 

• 

1.8E-16 

1.3E-6 

1.6E-15 

-1.-3E-6 

1.6E-15 

1.4E-5 

6.8E+3 

2.3E+3 

3-3E+2 

2 . 3E+3 
1 . 2E+3 
2.1E+2 

3.3E+2 

2.1E+2 

4.2E+1 

3 

4.2E+1 
1.8E-8 
-1 . 3E*2 

■» 

1.8E-8 

1 . 3Ef 2 

1 . 6E-7 

-1.3E+2 

1.6E-7 

1.4E+3 

'6.8E-5 

2.3E-5 

3-3E-6 

2.3E-5 

1.2E-5 

2.1E-6 

3.3E-6” 

2.1E-6 

4.2E-7 

Impulse 

Balancing 

5-7E-2 

1.3E-7 

-3-7E-7 

1.3E-7 

3-3E-3 

3.0E-7 

-3.7E-?! 

3.0E-7 

2.?E-2 

‘5.7E-2 

8.2E-? 

2.0E-7 

8.2E-7 

3.3E-3 

-7.4E-7 

2.0E-7* 

-7.4E-7 

2.7E-2 

Step 

Balancing 

8.1E-2 

-6.1E-3 

5.2E-2 

-6.1E-3 

3. 2E-2 
-4.3E-2 

5.2E-2* 

-4.3E-2 

1.1E-1 

*3»4E-2 

6.2E-8 

3.8E-8 

6.2E-8 

9.4E-4 

-1.4E-7. 

3.8E-8* 

-1.4E-7 

1.1E-2 

E 
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The  singular  values  of  the  Hjjsjp  matrix  for  impulse  balancing 
are 

ox  =  5.  7226  X  10" 3 

oa  =  2. 7235  X  10" 3  (36) 

o3  =  3.  3416  X  10"3 

The  singular  values  of  the  Hj^p  matrix  for  step  balancing  are 
=  3.4278  X  10" 3 

o3  =  1.0774  X  10" 3  (37) 

a,  =  9. 4013X10"  4 

As  mentioned,  these  singular  values  provide  a  guideline  for  how  low 
the  system  order  can  be  reduced.  For  both  the  impulse  balancing  and 
step  balancing  paths,  the  singular  values  of  the  Hjjqp  matrix  seem  to 
cluster.  There  seems  to  be  two  "large"  singular  values  in  each  case. 
This  indicates  that  this  system  probably  should  not  be  reduced  below 
second  order  for  an  "accurate"  representation  of  the  original  system. 

The  Hjnp  matrix  coupled  with  the  four  paths  in  the  Moore 
algorithm  provide  options  that  other  model  order  reduction  techniques 
do  not  possess. 

Summary  of  the  Moore  Algorithm  and  Internally  Balanced  Coordinate 
System 

The  Moore  algorithm  is  implemented  with  numerically  stable 
code.  The  code  uses  readily  available  subroutine  packages  such  as 
IMSL,  EISPACK,  and  UNPACK  (Ref  13). 
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Because  of  this  numerically  stable  code,  and  because  of  the 
linear  transformation  (Equation  15)  to  a  coordinate  invariant  state 
representation,  the  Moore  algorithm  provides  "working  subspaces" 
for  the  Kalman  decomposition. 

The  resulting  internally  balanced  state  coordinate  system 
orders  the  states  with  respect  to  controllability  and  observability 
properties.  Therefore,  deletion  of  the  bottom  states  of  the  intern¬ 
ally  balanced  representation  is  in  effect  stripping  away  the  uncontrol¬ 
lable,  unobservable  (thus  redundant)  subspace. 

The  Hjnp  matrix  provides  a  guideline  for  the  selection  of  the 
minimum  order  for  the  resulting  reduced  order  model.  This  feature 
does  not  exist  with  most  other  model  order  reduction  techniques. 

The  algorithm  also  minimizes  the  maximum  of  the  condition 
number  of  the  controllability  and  observability  grainmians.  This  pro¬ 
perty  indicates  that  the  balanced  system  is  more  robust  to  perturbations 
in  system  parameters. 

The  algorithm  has  now  been  presented.  The  next  step  is  to 
evaluate  the  algorithm  by  applying  it  to  real  world  systems.  But 
before  this  can  be  accomplished,  a  tool  must  be  developed  which 
possesses  the  capabilities  to  investigate  the  reduced  order  model  in 
both  the  time  domain  and  frequency  domain,  in  addition,  it  will  be 
desirable  to  investigate  the  singular  values  of  the  HjNp  matrix  and 


the  controllability  and  observability  grammians.  The  next  section 
presents  an  interactive  software  package  which  accomplishes  the 
above  analysis  objectives. 


III.  DEVELOPMENT  OF  interactive  software  introduction 
INTRODUCTION 

In  this  section,  an  interactive  computer  program  is  developed 
that  provides  options  useful  in  the  study  of  multi-input- multi-output 
systems.  The  program  is  appropriately  called  MIMO.  MIMO  was 
developed  in  addition  and  in  parallel  to  the  application  of  the  Moore  al¬ 
gorithm  presented  in  the  previous  sections. 

Several  options  incorporated  in  MIMO  are  direct  results  from 
the  study  performed  on  the  Moore  algorithm.  The  remaining  options 
yield  various  "special"  state  coordinate  systems,  each  of  which  possesses 
special  properties.  A  user’s  manual  for  MIMO  is  contained  in  Appendix 
C.  Appendix  D  contains  the  Fortran  listing  of  MIMO. 

The  structure  of  the  program  MIMO  will  be  presented  first.  A 
description  of  the  functions  performed  by  each  option  will  follow.  The 
reader  is  encouraged  to  refer  to  the  user’s  manual  for  an  explanation 
on  how  to  access  and  use  MIMO,  for  that  information  will  not  be  dis¬ 
cussed  here. 

PROGRAM  STRUCTURE 

Several  objectives  influenced  the  design  of  MIMO.  MIMO  is 
an  interactive  program  and  is  restricted  to  60K  (octal)  words  of 
memory.  The  program  is  designed  to  be  readily  modified.  Indi¬ 
vidual  options  may  be  easily  added,  deleted  or  changed.  MIMO 
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interfaces  to  TOTAL  (Ref  21)  for  time  domain  and  frequency  domain 
responses  to  be  obtained.  In  the  user's  manual,  efforts  are  made  to 
explain  how  to  prevent  premature  termination  of  MIMO  due  to  an  input 
error.  However,  rime  precludes  the  incorporation  of  an  extensive 
error  checking  capability  into  the  program  itself.  The  main  emphasis 
is  instead  to  provide  the  user  with  accurate,  efficient  options  and  nor 
at  this  time  with  an  "optimized"  user  interface. 

MIMO  utilizes  overlays  (Ref  8,10)  to  meet  the  memory  re¬ 
strictions  and  to  provide  a  degree  of  modularity  to  its  design.  Over¬ 
lays  divide  a  large  program  into  a  set  of  smaller  programs,  each  of 
which  is  loaded  into  memory  if  and  when  it  is  required.  The  loading 
of  these  smaller  programs  is  controlled  by  an  executive  overlay  which 
remains  in  memory  at  all  times.  The  smaller  programs  which  may 
be  referred  to  as  primary  overlays,  may  be  subdivided  into  secondary 
overlays  if  necessary.  Thus,  rhe  largest  amount  of  memory  ever 
required  is  the  sum  of  the  executive  overlay's  memory  requirement 
and  tlie  sum  of  the  largest  primary  and  secondary  overlays'  memory 
requirements.  Since  only  one  primary  overlay  can  reside  in  memory 
with  the  executive  overlay  at  any  given  time,  the  modularity  of  the 
program  is  achieved.  Additional  options  become  additional  primary 
overlays.  Any  sub-functions  peculiar  to  any  one  option  may  be  made 
secondary  overlays.  A  more  extensive  discussion  of  overlays  is  found 
in  Reference  8. 
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The  additional  objective,  that  MIMO  interface  to  TOTAL  (Ref 
21),  is  met  by  storing  all  pertinent  information  in  mass  storage  on  a 
file  named  "MEMAUX".  TOTAL  also  uses  a  file  named  MEMAUX. 

By  writing  the  appropriate  information  with  the  appropriate  index, 
the  interface  is  achieved.  The  exact  procedure  for  accomplishing 
this  objective  is  found  under  Option  12  in  Appendix  O. 

MIMO  allows  the  user  to  store  all  current,  pertinent  infor¬ 
mation  in  the  local  file  "MEMORE".  This  allows  the  user  to  ter¬ 
minate  MIMO,  execute  other  interactive  computer  functions,  return 
to  MIMO,  and  recover  to  the  point  of  departure  from  the  program. 

MIMO  contains  two  options  which  produce  plots.  A  high  degree 
of  flexibility  with  respect  to  plots  is  achieved  by  MIMO.  The  user 
may  dispose  his  accumulated  plots  to  the  A  FIT  terminal  automatic¬ 
ally  with  Option  9.  He  may  also  perform  the  standard  x*outes,  save 
the  plot  file,  or  use  TEKPLOT  or  CCPREV  (see  AFIT  OCR).  Ex¬ 
tensive  descriptions  of  these  procedures  may  be  found  in  the  user's 
manual  in  Appendix  C. 

With  these  objectives  as  well  as  restrictions  incorporated, 
MIMO's  options  were  developed.  The  description  of  each  option  to 
the  extent  that  it  docs  not  duplicate  the  information  contained  in  the 
user’s  manual  is  now  presented. 
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PRESENTATION  OE  OITIONS 

MIMO's  options  work  exclusively  with  matrices.  Correspondingly, 
only  the  state  variable  description  of  a  dynamic  system  Is  utilized.  To 
meet  computer  memory  restrictions,  matrices  are  limited  to  10  x  10's. 
The  controllability  matrix  is  limited  to  a  10  x  30,  the  observability 
matrix  to  a  30  x  10,  and  tlie  llankol  matrix  to  a  30  x  30.  At  this  time, 
sixteen  options  exist  in  MIMO.  Their  descriptions  follow. 

Opr  ion  0  lists  the  available  options.  The  list  will  he  amended 
as  additional  options  are  added. 

Option  l  causes  MIMO  to  terminate.  All  pertinent  infer nvtrion 
is  automatically  saved  in  the  local  file  ME  MORE. 

Input  of  the  state  space  matrices  (A, 0,0)  is  accomplished  in  the 
first  part  of  Option  2.  After  input  is  accomplished,  the  user  may  cease 
execution  of  Option  2,  or  obtain  the  "impulse  balanced",  or  the  "step 
balanced"  systems  obtained  via  the  Moore  algorithm.  Using  these 
balanced  systems,  reduced  order  models  a  re  obtained  by  deleting  the 
bottom  states  (sec  Appendix  C,  Option  2)  (Ref  24.25). 

Option  3  uses  a  truncated  power  series  approximation  to  obtain 
the  (E,C»,C)  discrete-time  system  fora  given  value  of  sample  time, 
from  the  (A,H,C)  system  input  in  Option  2  (valid  fora  linear,  time 
invariant  system  only).  The  discrete-time  controllability,  observ¬ 
ability,  and  Hankel  matrices  (Ref  28)  are  also  obtained.  Tlx.'  user  may 
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optionally  suppress  the  listing.  This  is  useful,  i.  e. ,  if  the  user 
wishes  to  obtain  the  Hankel  matrix  and  proceed  to  Option  7  to  obtain 
its  singular  values /singular  vectors. 

The  power  series  used  in  Option  3  is  now  presented.  For  a 
linear  time  invariant  system, 

F  =  eA^  (where  T  =  sampling  time).  (38) 


The  G  matrix  is  defined  by 

G  =  f  eAT  drB 
Jo 

AT 

The  power  series  representation  for  e  is  (Ref  28:37), 


(39) 


eAT  =  I  +  AT  +  +  .  .  .  .  (40) 

The  power  series  representation  for  I  eATdT  is 

•'o 

f‘eAV=  [T  +  All  +  ...  (4!) 

*o  2! 

Therefore,  avoiding  having  to  take  A~\  eA^  may  be  represented  as 

eAT  =  A  *  C  f  eATdT  3  +  I  (42) 

•'o 

MIMO  truncates  this  power  series  after  50  terms.  The  approxima¬ 
tion  is  accurate  if  the  magnitude  of  the  largest  eigenvalue  of  A  multi¬ 
plied  by  sample  time  is  less  than  one  (Ref  28:35).  If  this  condition 
is  not  satisfied,  convergence  of  the  power  series  may  not  occur. 
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Option  4  plots  and  optionally  lists  singular  values  of  the  dis¬ 
crete  time  controllability,  observability  and/or  Hankel  matrices 
versus  sample  time.  The  user  may  list  all  singular  values  for  each 
matrix  for  each  sample  time  in  a  user-specified  range,  or  he  may 
just  plot  the  singular  values.  The  reader  should  refer  to  the  user's 
manual  for  information  on  how  to  accomplish  this  option. 

This  option  has  several  applications.  The  plot  of  the  condition 
number  (°max/°min)  versus  sample  time,  of  the  Hankel  matrix  pro¬ 
vides  an  excellent  criterion  for  choice  of  sample  time  for  a  discrete¬ 
time  system  (Ref  30).  Plots  of  the  minimum  singular  values  of  the 
controllability  and  observability  matrices  provide  a  measure  of  the 
degree  of  control,  or  degree  to  which  a  system  may  be  observed 
respectively. 

An  example  of  this  option  as  applied  to  the  B-52E  flutter  con¬ 
trol  problem's  twenty-fourth  order  system  is  now  presented.  All  of 
the  nine  possible  plots  were  generated.  The  B-52E  model  reveals 
that  for  the  dominant  eigenvalues,  the  period  is  .  4051  seconds. 

Reid  (Ref  30)  shows  that  any  integer  multiple  of  this  period  would  be 
a  poor  choice  of  sample  time  for  a  discrete  time  representation  of 
the  continuous -time  system.  The  plots  verify  this  fact.  Figure  2 
shows  that  the  minimum  singular  value  tends  toward  zero  at  integer 
multiples  of .  4051.  As  this  singular  value  approaches  zero,  the 
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c.  Condition  Number  (sig(max)/sig(min) ) 


FIGURE  2.  Controllability  Matrix  Max. and  Min.  Singular 
Values  and  Condition  Number  vs.  Sample  Time 


controllability  matrix  is  "closer"  to  singularity.  This  indicates  that 
for  an  integer  multiple  of  .4051,  the  degree  of  control  on  the  system 
is  lessened.  Figure  3a  shows  that  the  observability  matrix  minimum 
singular  value  also  tends  toward  zero  as  the  sample  time  approaches 
an  integer  multiple  of  .4051.  This  indicates  that  the  system  is  less 
observable  at  these  sample  times. 

Perhaps  though,  Figure  4c  is  the  most  important.  Clearly, 
the  condition  number  of  the  Hankel  matrix  is  maximized  at  integer 
multiples  of  .  4051.  This  indicates  that  the  system  is  most  suscept¬ 
ible  to  perturbations  (model  mismatch/truncation,  wordlength  restric¬ 
tions,  etc. )  in  system  elements.  A  "good"  choice  of  sample  time  for 
a  system  then  would  be  one  that  minimizes  the  condition  number  (K) 
of  the  Hankel  matrix  (maximized  the  reciprocal  condition  number  in 
Reid's  papers) . 

This  option  provides  very  revealing  and  helpful  information  in 
the  choice  of  sample  time  for  a  system.  For  more  information,  see 
Reference  30. 

Option  5  obtains  the  continuous  time  controllability  and  obser¬ 
vability  matrices  for  the  (A,B,C)  system  input  in  Option  2.  This 
option  is  useful  if  one  desires  to  check  the  controllability  and/or 
observability  of  his  particular  representation  of  a  system.  He  may 
first  input  the  system  in  Option  2,  proceed  to  Option  5  to  obtain  these 
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a.  Minimum  Singular  Value 


c.  Condition  Number  (sig(max)/sig(roin) ) 


FIGURE  4.  Hankel  Matrix  Max.  and  Min.  Singular 
Values  and  Condition  Number  vs.  Sample  Time 


matrices,  and  then  go  to  Option  7  to  obtain  the  singular  values  of  the 
controllability  and/or  observability  matrices.  Generally,  any 
singular  value  of  magnitude  less  than  1.0  x  10"R  can  be  interpreted 
as  zero.  Therefore,  the  rank  of  the  controllability  and/or  observ¬ 
ability  matrices  is  determined  by  the  number  of  non-zero  singular 
values. 

Option  6  implements  a  portion  of  LINPACK  (Ref  13)  to  esti¬ 
mate  the  condition  number  of  a  square,  real  matrix.  This  method 
as  developed  in  Reference  7  is  a  highly  efficient  method  for  obtain¬ 
ing  the  condition  number  with  respect  to  inversion.  This  method 
does  not  require  the  relatively  expensive  singular  value  decomposi¬ 
tion.  Instead,  the  condition  number  can  also  be  defined  as 

K  =  II  A’1  III!  A  ||  (43) 

where  A  is  a  real  matrix 

||  •  ||  denotes  the  subordinate  spectral  norm  for  matrix,  i.e. , 

||  1  ||  denotes  the  standard  Euclidean  (l  )  norm  for  a  vector. 

3 

Using  this  definition,  the  algorithm  yields  a  highly  accurate  estimate 
of  the  condition  number  with  respect  to  inversion. 

An  example  is  now  presented.  One  of  tlte  most  ill-conditioned 
matrices  with  respect  to  inversion  is  a  Hilbert  matrix.  A  Hilbert 
matrix  is  of  the  form. 
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1/2 

1/3 

•  •  •  1/N+l 

hil  = 

1/3 

• 

• 

1/4 

•  •  •  l/N+2 
• 

0 

• 

1/N+l  * 

«  • 

0 

1/2  N_ 

(55) 


NxN 


As  the  order  of  the  system  increases,  the  estimate  is  more  ill  condi¬ 
tioned.  In  Table  II  the  estimate  of  the  condition  number  with  res¬ 
pect  to  inversion  is  compared  with  amax/°min»  °^taine<^  via  ttie 
matrix's  singular  value  decomposition.  The  results  are  quite  good. 
Therefore,  when  the  condition  number  of  a  matrix  is  desired,  Option 
6  is  an  efficient  way  of  producing  that  result  via  the  UNPACK  algo¬ 
rithm  (Ref  7, 13)  for  most  applications. 


TABLE  II.  Comparison  of  LINPACK 


Estimate  of  Condition  Number  Vs.  o. 

for  a  Hilbert  Matrix 


max/amin 


Option  6 
Estimate 

max'min 

DIF 

2 

43.097 

37.836 

5.261 

3 

545.691 

441.952 

103.735 

5 

329.236 

238.498 

90.737 

4 


i  -  Option  7  obtains  the  singular  values  and  optionally  the  left  and 

right  singular  vectors  for  a  real,  rectangular  matrix.  The  particular 
matrix  can  be:  A  matrix  input  at  this  time,  the  original  A  matrix,  the 
internally  balanced  A  matrix,  the  discrete  time  F  matrix,  or  the  dis¬ 
crete  time  Hankel  matrix. 

The  singular  value  factorization  of  a  real,  rectangular  matrix 
yields  (see  Appendix  A,  Ref  36  ): 

AMXN  =  UMXM  ^MXP  VNXN  (45) 

where  U  is  a  matrix  whose  columns  are  called  the  left  singular  vectors. 

£  is  a  diagonal  matrix  whose  diagonal  elements  are  called  the 
singular  values  and  crx  *aa  *  ar+x  =  0. 

r  =  min  (M.N) 

V  is  a  matrix  whose  columns  are  called  the  right  singular  vectors. 
To  present  the  multiple  uses  of  this  factorization  is  beyond  the  scope  of 
this  thesis.  The  reader  is  referred  to  References  13,  24,  25,  28,36,  or 
30  for  excellent  presentations  on  the  subject. 

Option  8  plots  and  optionally  lists  the  magnitude  and  phase  res¬ 
ponses  of  a  user  specified  reduced  order  system.  The  method  used 
reduces  the  amount  of  computations  as  required  by  conventional  algo¬ 
rithms  and  utilizes  highly  efficient  eigenvalue  -  eigenvector  routines  to 
obtain  its  results. 
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The  derivation  follows  (Ref  28): 


G(Jw)  =  F  {CeAtB } 

N  T 

=  F  {  E  C(VU  (W  B)e*jt) 
i=l  "  "  j 

where  F  {•}  denotes  the  Fourier  transform 


[V,  Y2.  •  • .  VjJ  =  matrix  of  eigenvectors 

[W,  w2. •  •  •  Wnf= 

Xj  denotes  the  jth  eigenvalue 
Now,  rewriting  Equation  47  yields: 

G(jw)  (C  Vi)  (VVF  B)  1 

i=l  ~  jw  -f  Xi 


(46) 

(47) 


(48) 


Using  Equation  48  above,  the  magnitude  and  phase  of  the  system  for 
a  given  value  of  w  can  easily  be  obtained. 

Option  9  disposes  accumulated  plots  created  by  Option  4  and/ 
or  Option  8  to  the  AFIT  terminal.  This  option  uses  an  AFIT  subrou¬ 
tine  written  by  Captain  Jerry  Stinson  (AFIT  OCR).  It  also  uses  two 
subroutines  contained  in  the  BATELLE  package  (see  AFIT  OCR). 

The  program  can  easily  be  modified  to  send  the  plots  to  any  remote 
terminal  with  an  on-line  Calcomp  plotter  at  Wright-Patterson  Air 
Force  Base,  Ohio. 


1 
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Option  10  writes  all  pertinent  information  to  local  file 
MEMORE.  Option  10  is  automatically  called  when  Option  l  is 
executed. 

Option  11  recovers  all  pertinent  information  from  the  local 
file  MEMORE.  This  enables  the  user  to  recover  to  the  point  in 
MIMO  where  lie  used  Option  l  or  Option  10. 

Option  12  interfaces  to  TOTAL  (Ref  26).  The  original 
(A,B,C)  system,  and  the  internally  balanced  (A'.B'.C)  system  are 
written  to  the  mass  storage  file  MEMAUX.  Appendix  C,  Cation  12 
explains  how  to  access  TOTAL  and  use  the  information  transferred 
to  TOTAL  from  MIMO.  TOTAL  (Ref  21)  is  an  interactive  program 
which  produces  time  domain  and  frequency  domain  responses  for  a 
transfer  function  with  a  defined  input.  Numerous  options  useful  to 
the  control  system  designer  are  available.  Therefore,  the  interface 
to  TOTAL  from  MIMO  saves  the  user  from  having  to  retype  large 
matrices. 

Option  13  generates  the  output  normal  state  coordinate  system 
(Ref  24,  25)  from  the  internally  balanced  system  obtained  for  the  ori¬ 
ginal  input  system.  This  system  is  a  byproduct  of  the  Moore  algo¬ 
rithm.  The  system  is  now  balanced  with  respect  to  observability 
properties  only.  The  states  are  ordered  from  the  most  observable 
to  the  least  observable.  This  option  is  limited  to  SISO  systems  only. 
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Option  14  produces  the  output  predictive  state  coordinate  sys¬ 
tem  (Ref  30, 29).  The  transformation: 

—  =  MOBS  —  (49) 

where  Mq^  is  the  observability  matrix  yields: 

M0BS  =  1  (50) 

Reid  shows  in  Reference  30  that: 

Y  (k-HiA-1)  = 


where  Y  (k+nA-l)  = 

where  Y  (k+n/k-1)  denotes  the  vector  of  predicted  outputs,  to  n 
samples  in  the  future  based  upon  inputs  up  to  the  current  time  k. 

By  transforming  to  the  output  predictive  state  coordinate  system, 
the  following  equation  results 

Y  (k+n/k-1)  =  Fn  X  (k)  (52) 


C 

CF 

• 

:  t 


Cl 


,n-l 


y  (k+n/k-1) 
y  (k+n+l/k-l) 

y  (k+2  n-l/k-l) 


(51) 
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where  'Fn  =  M~*  F  Mq 

Mq  =  observability  matrix 
F  =  eAT 


This  Implies  that  the  outputs  at  discrete  times  in  the  future  based  on 
inputs  up  to  time  K  may  bo  determined  by  multiplying  the  current 
state  vector _X  (K)  by  T11  (where  fYs  now  in  the  "output  predictive" 
state  coordinate  system).  See  Reference  30  for  uses  of  this  coordi¬ 
nate  system. 

Finally,  Option  15  obtains  rho  steady  state  controllability  and 
observability  grammlans  for  the  (A.B.C)  system  input  in  Option  2. 
The  controllability  grammian  is  defined  as: 


W°  (O.t)  =  eAt  P  cAtBnreA,tdt  eA  r 
1  o 

The  observability  grammian  is  defined  as: 

Wj  (0,tx)  a  eA  r  f  1  cA'  rCTOcArdt  eAt 

"o 


(53) 


(54) 


Differentiating  the  two  grammlans  respectively  yields  the  two  Hlcatti 
equations 


W”  (t)  =  A  W®  (t)  +  W*(t)  A1  +  BBT 

(55) 

W£(t)  =  ATW5(t)  +  Wg(t)A+CTC 

(56) 

In  the  steady  state,  W£  and  equal  zero.  'Hie  re  fore  equations  55 
and  56  become  respectively: 
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A  W°  (t)  +  W*  (t)  AT  +  BBT  =  0 
AT  W£  (t)  +  Wj  (t)  A  +  CTC  =  0 


(57) 

(58) 


Note,  that  tlie  underlying  (A,B,C)  system  must  be  stable  because  the 
modified  Bartels -Stewart  algorithm  that  solves  the  required  matrix 
Ricatti  equations  must  have  negative  eigenvalues  to  work  with.  This 
author  believes  newer  algorithms  exist  that  surmount  this  problem, 
but  lias  not  been  able  to  locate  such.  The  interested  reader  should 
refer  to  Reference  20  as  the  possible  source  of  new  algorithms  that 
solve  matrix  Lyapunov  equations. 

This  concludes  the  presentation  of  the  interactive  program 
MIMO.  All  goals  strived  for  were  met.  The  program  is  interactive 
(60K (octal)  words  of  memory  a  1x2  required),  uses  overlays  which  pro¬ 
vide  a  modularity  and  ease  of  modification  to  the  program,  interfaces 
to  TOTAL  (Ref  21)  as  desired,  and  although  as  yet  doesn't  possess  an 
extensive  error  checking  capability,  does  utilize  the  most  efficient 
algorithms  currently  available  to  provide  the  user  with  a  unique  and 
hopefully  beneficial  analysis  tool. 


IV.  APPLICATION  OF  MOORE  ALGORITHM  TO  SI SO  EXAMPLE 
Introduction 

In  Section  II  the  Moore  algorithm  was  presented  and  its  potential 
for  application  to  real  world  systems  discussed.  However,  it  was 
pointed  out  that  an  analysis  tool  would  be  required  to  investigate  the 
actual  performance  of  the  Moore  algorithm  on  real-world  problems. 
Section  III  presented  such  a  tool.  MIMO  coupled  with  TOTAL  and  some 
batch  software  now  provide  the  means  by  which  the  Moore  algorithm 
will  be  investigated.  However,  before  the  algorithm  is  applied  to  a 
large  dimension,  real  world  system,  a  third  order  SISO  example  will 
be  presented  which  illustrates  the  application  of  the  Moore  algorithm, 
utilizes  MIMO  and  TOTAL  for  analysis  purposes,  and  compares  the 
Moore  algorithm  with  three  other  model  reduction  algorithms. 

This  section  will  be  organized  in  the  following  manner.  First, 
a  brief  discussion  of  the  other  three  algorithms  will  be  presented  to 
familiarize  the  reader  with  the  model  order  reduction  approaches  com¬ 
pared  with  Moore's  algorithm  for  this  example.  Then,  the  third  order 
example  will  be  presented.  A  summary  of  the  section  will  follow. 
Description  of  Other  Algorithms 

Though  the  Moore  algorithm  works  with  the  state  space  repre¬ 
sentation  of  a  system,  the  three  algorithms  to  be  presented  here  use 
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the  system  transfer  function  for  their  calculations.  The  transfer 
function  matrix  is  related  to  state  space  (assuming  no  feedforward) 
via: 

G(s)  =  C  [  sI-A  ]"*lB  (59) 

T.  Shamash  (Ref  33)  utilizes  the  Routh  stability  criterion  and 
the  Padd  approximation  to  yield  reduced  order  models,  llis  basic 


procedure  follows.  Given: 


G(s) 


d^"”1  +  dgSn”2  +  . . . 
e0Sn+eiSn-2+.... 


+  d. 


+  e 


n 


(60) 


compute: 


dnSn  ^  +  . . .  +  dx 


1  rn  am>  i-...  fUi 
d(s):  G(s)  =  s"G  g-  =  n  n-2  +  ~ 

LJ  +  en-i^  +...e0 


(61) 


Once  this  has  been  accomplished,  G(S)  is  expanded  into  a  continued 
fraction  as: 


+ 

+ 


1 

.  +  _L 

+  ...  JL 

rn. 

l  +  oil  S 

a3S 

L131 

i+.. 

OlgS 

i 

*  «nS 

[b3 

(62) 


a~S*  CBn]  ••• 
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where 


1 _  .  1  .  1  = _ l _  (63) 

TTT^S  aTS-  a^S  1  +  cqS  +  l 

^STT 

a*S  +  . 

.  1 
V 

This  procedure  allows  the  algorithm  to  obtain  the  Routh  coefficients 
from  the  Oj's  and  Bj's  in  Equations  62  and  63.  Then,  for  the  Kth 
order  transfer  function  (where  K  «  N),  the  first  K  terms  are  summed 
to  yield  R(S).  The  reciprocal  relationship  as  used  in  Equation  (61)  is 
utilized  to  produce  R(S),  where  R(S)  is  of  lower  order  than  the  original 
G(S).  This  is  a  simplified  presentation  of  the  Shamash  algorithm.  In 
fact,  there  are  many  more  computations  used  to  efficiently  obtain  the 
coefficients  of  R(S). 

The  Shamash  algorithm  has  many  desirable  properties.  It  pre¬ 
serves  original  system  stability  and  can  be  applied  to  multivariable  and 
discrete-time  systems.  However,  it  uses  the  transfer  function  f  or 
its  computations  of  the  reduced  order  transfer  function.  For  multi¬ 
variable  systems,  especially,  the  storage  requirements  get  to  be  huge. 
Thus  the  computational  burden  is  increased  by  the  use  of  transfer 
functions  versus  state  space  for  a  fairly  large  order,  multivariable 
system. 
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El  Attar  and  Vidyasagar  (Ref  14)  have  developed  an  algorithm 
which  treats  the  impulse  response  (or  transfer  function)  as  an  input- 
output  map.  The  procedure  consists  of  minimizing  one  of  two  possible 
functionals.  The  choice  of  functional  is  dependent  on  the  type  of  input 
used.  In  effect,  the  algorithm  gives  a  best  possible  uniform  approxi¬ 
mation  for  the  given  input.  This  algorithm  is  useful  when  the  poles 
of  a  system  are  not  widely  separated  (i.  e. ,  a  nondominant  set  of  poles 
may  not  exist).  In  addition,  original  system  stability  is  preserved 
and  the  algorithm  is  applicable  to  discrete-time  systems,  MIMO  sys¬ 
tems,  and  unstable  systems.  The  algorithm,  however,  is  by  necessity 
input  dependent. 

Reddy  (Ref  27)  minimizes  the  integral  of  the  square  of  the 
error  between  the  corresponding  real  and  imaginary  parts  of  the  ori¬ 
ginal  and  assumed  transfer  functions'  numerator  and  denominator  to 
thereby  evaluate  the  proper  coefficients  for  the  simplified  transfer 
function.  This  algorithm  is  only  applicable  to  SISO  systems  and  does 
not  ensure  that  the  reduced  order  transfer  function  is  stable,  for  a 
stable,  original  transfer  function. 

SISO  Example 

The  following  third  order  SISO  example  is  presented  as  a  com¬ 
parison  between  the  Moore  algorithm  and  three  other  algorithms  dis¬ 
cussed  in  the  previous  section.  The  results  of  the  model  reduction 
for  these  other  three  algorithms  are  taken  from  Ref.  14.  The  results 


for  the  Moore  algorithm  are  obtained  via  use  of  MIMO.  The  unit 
impulse  responses  and  frequency  responses  are  obtained  for  Moore's 
second  order  model,  as  well  as  for  El- Attar's  (Ref  14),  Shamash’s 
(Ref  33),  and  Reddy's  (Ref  27)  second  order  models. 

The  original  third  order  transfer  function  is: 

r,,l/  .  _  _ 1 _  (64) 

GH(s)  ~  7ST().  M)  (s  + 1. 0)  (s  +  1. 1) 

El  Attar  minimizes  functions  of  induced  norms.  Shamash  uses  Fade ' 
approximants  and  the  Routh  Stability  criterion.  Reddy  minimizes  an 
error  criterion  which  is  a  function  of  the  difference  between  the  full 
order  transfer  function  and  the  reduced  order  transfer  function. 

Reddy's  procedure  results  in  an  unstable  second  order  model.  The 
resulting  reduced  order  transfer  functions  are  shown  in  Table  III. 

The  impulse  response  to  a  unit  impulse  input  of  the  original 
system  is  shown  in  Figures  5a,  6a.  Moore's  second  order  system 
in  response  to  the  unit  impulse  is  shown  in  Figure  5b.  El-Attar's 
second  order  system  in  response  to  a  unit  inpulse  is  in  Figure  5c. 
El-Attar's  and  Moore's  systems  seem  to  be  very  close.  This  is  true 
because  El-Attar  is  using  induced  norm  characteristics,  while  Moore's 
algorithm,  based  primarily  upon  the  singular  value  factorization  (where 
°max  *  II  A  || ,  A  is  a  general  matrix)  (see  Appendix  A),  is  directly  re¬ 
lated  to  induced  norms.  Shamash's  and  Reddy's  second  order  system's 
unit  impulse  response  responses  are  found  in  Figures  6b  and  6c,  res¬ 
pectively. 
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TABLE  III 

Reduced  Order  Model  Transfer  Functions  for  SISO  Example 


ALGORITHM 

TRANSFER  FUNCTION 

1 .  Moore 

-.4462s4.  *5870 
s2+ . 09971s* . 8827 

„  -.4462(5-1,316) 
(s4. 04985- j, 9382) 

2.  El -At tar 

-.0911S+.3306 

Yidyasagar 

s2m.0054s+.3869 
*  -.0911(s-4.l??8) 
(s4.502?-j.3663) 

3-  Shamash 

.0002284.3746 
S24i.i2s4.3708  . 

■  . 00022 fs+ 1702. 73) 
(s4.56-j.239l) 

4.  Reddy 

_ 3 _ 

2.5s2~1.34845s4i 

■  - JL _ 

(s-,620)  (54.08O) 
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Magnitude  Responses  for  SISO  Example 


The  frequency  response  of  the  original  third  order  system  is 
found  in  Figures  7A,  8A,  9A,  10A.  Moore's  second  order  system 
frequency  response  (magnitude  and  phase)  is  found  in  Figures  7B,  9B. 
El-Attar's  frequency  response  for  his  second  order  model  is  located 
in  Figures  7C.9C.  Shamash’s  system  is  found  in  8B,  10B.  Reddy’s 
unstable  second  order  system's  frequency  response  is  in  Figures  8C, 
IOC. 

For  the  reduced  order  transfer  functions  that  are  shown  in 
Table  III,  the  Moore  algorithm  transfer  function's  dominant  roots  are 
the  nearest  to  the  origin  and  have  the  largest  undamped  natural  fre¬ 
quency  of  all  the  algorithms.  Yet  the  time  domain  and  frequency 
domain  responses  are  very  close  to  those  of  El  Attar  and  Vidyasagar. 

It  should  be  noted  that  the  Moore  algorithm  actually  "shifts"  its  poles 
and  zeros  to  compensate  for  the  reduction  of  system  order.  Sha mash's 
algorithm  seems  to  have  performed  the  best  for  this  particular  example. 
But  as  the  order  of  the  system  increases,  it  becomes  increasingly 
more  difficult  for  a  computer  to  store  all  of  the  transfer  function  co¬ 
efficients.  It  is  therefore  more  computationally  efficient  to  work  with 
the  state  space  representation  for  a  large  dimension  system  (Ref  17). 

The  state  space  representation  of  the  internally  balanced 
(impulse  balanced)  system  for  this  example  is 
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MIOINAL  3*0  6*0(11  stsicn 


a.  Original  3rd  Order  System 

flO.  FREQUENCY  *ESfONS£  *ND  CROC*  STS  SHRsRSN’S 


b.  Shamash's  2nd  Order  System 


C»  Reddy's  2nd  Order  System 


FIGURE  8.  Magnitude  Responses  for  SISO  Example 


MIQ1NW.  3RD  6RMR  mUR 


a.  Original  3rd  Order  System 


b.  Moore's  2nd  Order  System 


c«  El-Attar's  2nd  Order  System 


FIGURE  9.  Phase  Responses  for  SISO  Example 
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FIGURE  10*  Fhase  Responses  for  SISO  Example 
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A' 


at 


-8.02  X  10' 8 
-9.  38  X  10" 1 
-1.46  X  lO*1 


9. 38  X  10' 1 
-  1.  95  X  10" 8 
6.17  X  10“8 


1.46  X  10" 1 
6. 1 7  X  lO- 8 
- 1.  (X)  X  10° 


(65) 


B '  = 


7.  79  X  I0"x 
-4.00  X  10" 1 
6.  68  X  10“ 1 


C* 


79  x  10  x  -4.00  X  10“ 1  6.  68  X  10 


Notice  that  fora  StSO  system,  there  is  an  absolute  value  symmetry 
in  the  balanced  A  matrix  for  either  step  balancing  or  impulse  balancing. 
In  addition,  for  i  mpulse  balancing,  as  in  this  ease,  the  bn  lanced  Band 
C  matrices  will  be  identical  within  a  change  of  sign.  This  property 
provides  a  check  for  computational  accuracy.  The  number  of  decimal 
places  the  symmetrical  terms  agree  to  give  an  indication  of  the  accu¬ 
racy  to  which  die  algorithm  converged.  This  is  often  useful  when  the 
routine  within  MIMO  that  solves  the  two  Lyapunov  equations  for  rite 
infinite  interval  controllability  and  observability  grammians.  does  not 
converge  satisfactorily.  System  order  is  reduced  to  two  by  deleting 
the  third  state  (tints  3rd  row  of  A  ',  l^,  and  3rd  column  of  C  V 

This  low  order  SISO  example  was  presented  to  tie  together  the 
algorithm  and  its  properties  with  the  tools  that  actually  implement  and 
provide  analysis  of  the  algorithm.  However,  the  example  is  insuffi¬ 
cient  to  illustrate  fully  the  properties  of  die  Moore  algorithm. 

Therefore  the  next  section  sliall  take  a  relatively  large  dimen¬ 
sion  real  world  system,  apply  tlie  Moore  algorithm  to  that  system,  and 
analyze  and  discuss  the  results  of  the  application. 
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V.  ALLIGATION  OF  MOORE’S  ALGORITHM  TO  13-52E 
FLUTTER  CONTROL  PROBLEM 

Introduction 

In  Section  IV,  the  Moore  algorithm  was  applied  to  a  hypo¬ 
thetical,  low  order,  all  pole  system.  In  this  section  the  Moore 
algorithm  is  applied  to  the  B-52E  flutter  control  problem,  which  is 
a  relatively  large  dimension  (24th  order),  lightly  damped,  real  world 
system.  The  airplane  is  assumed  to  be  in  constant  altitude,  wings- 
level,  steady  rectilinear  flight  (Ref  31). 

The  attempt  here  is  to  compare  the  input-output  properties  of 
the  reduced  order  models  obtained  via  the  Moore  algorithm  with  the 
reduced  order  models  obtained  via  the  AFFDL  modified  Schwendler 
and  Mac  Neal  technique  (Ref  32).  The  AFFDL  technique  preserves 
the  physical  properties  of  the  original  system  allowing  the  resulting 
reduced  order  models  to  be  interpreted  in  a  cause-effect  (physical 
relationship)  manner.  The  Moore  algorithm,  however,  preserves 
only  the  input-output  properties  of  the  original  system.  Therefore, 
there  will  be  no  attempt  to  show  relationships  between  the  deletion  of 
a  state  and  the  physical  consequences  thereof. 

Two  measurement  devices  are  available  for  this  test  case. 
They  arc  (see  Figure  11):  AW  925,  which  is  the  vertical  wing  tip 
accelerometer,  and  AW  565,  which  is  the  mid-wing  vertical 
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accelerometer.  Although  the  test  case  allows  the  use  of  four  inputs 
(elevator,  inboard  aileron,  outboard  flaperon,  and  outboard  aileron) 
(see  Figure  12),  only  the  outboard  aileron  will  be  utilized  for  this 
test  case. 

This  section  is  organized  as  follows.  First,  the  acquisition 
and  modelling  of  tlie  original  system  is  presented.  The  "impulse 
balancing"  Moore  algorithm  is  then  applied  to  the  system.  Subse¬ 
quently,  the  original  system  is  input  to  the  "step  balancing"  Moore 
algorithm.  In  each  case,  results  are  provided  and  discussed. 

Finally,  the  section  is  summarized  and  important  points  are  discussed. 
Original  System  Model  Acquisition 

The  B-52E  model,  upon  which  this  section  is  based,  is  dis¬ 
cussed  in  Reference  31.  The  dynamic  equations  for  the  airplane  are 
in  a  form  for  use  by  Level  3.01.02  FLEXSTAB,  which  is  an  analysis 
tool  utilized  by  AFFDL.  Unfortunately,  the  equations  are  not  in  state 
space  form  required  by  the  Moore  algorithm.  Therefore,  the  deri¬ 
vation  of  the  state  space  form  of  the  original  dynamic  equations 
follows. 

Let, 

Vp  =  (  [U  W  q  .  (airplane  rigid  body  motion  degrees  of 

freedom  in  the  body  axis  system) 

£op  =  £  ®  (airplane  pitch  angle) 

Uj  =  (CUj7|.  .  .  UgiQ  3^)ioxi  (invacuum  structural  modes) 
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FIGURE  11.  Sensor  Locations  (Ref.  31) 
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FIGURE  12.  B-52E  CCV  Flight  Control  Surfaces  (Ref.  31  ) 


Vp  =  where  Uj  =  I  Vp 
—2xl  =  vector  of  nieasurements 
^4x1  =  vector  °f  control  inputs 

The  following  equations  are  the  dynamic  equations  in  FLEXSTAB 
form  (ingoring  wind  gusts)  (Ref  31): 

vp  =  [VP/VP0  3V  +  [VPA1E0]U1  +  (VPAJEI)U1 


+  [VP/DELSO  ]6c  +  [  VP/RO  3  r^ 


Ul  =  [UE/VP0  3  Vp+ [UEAJEOIUjH- [UE/UE13  Uj 


+  [UE/DELSO  3  6c 
ip  =  [RP/VPO  ]  Vp  +  [UP/RP^p 

The  measurement  equation  is: 


T  =  [T/VP0  3Vp+CT/UE0]Ul  +  CT/UEl]Ul 

+  [T/UE2  3  U|  +  [T/DELS03j>c  +  CT/VP1  3Vp 
+  CT/R0  3  £p+  CT/Rl  3 x^-jp 

The  measurement  equation  (Equation  68)  has  a  second  derivative 
term  in  it.  Therefore,  by  letting  U,  =  I  Vf, 


Hi  -  I  Ye 


and  augmenting  this  extra  state  onto  the  state  vector  cite  problem  of 

the  second  derivative  is  reduced  to  two  first  order  derivatives.  The 

actual  state  space  form  of  the  equations  is  now  presented. 
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In  the  state  space  form,  x  =  Ax  +  Bu,  the  dynamic  equations 


become 


V 

V  /V 

P'  PO 

Vp/R0 

VP^EI- 

Vp/UE0' 

V 

Vp/DELSO 

• 

r__ 

-op 

< 

>  = 

VRo 

0 

0 

< 

lop 

►+ 

0 

(70) 

tf 

UE^Vpo 

0 

ueA^ei 

UE'/UEO 

Yf 

Ue/DELSO 

6 

C4xl 

0 

0 

I 

0 

A, 

0 

24x1 

The  measurement  equation  is: 
tt*xi-CT/VpO  T/R°  T/UEl  TAJE032x24 


24  x24  24x1 


24x4 


+  [T/VP1  T/RpI  T/UE2  0  32x24 


Yp 

lop 

Yf 

a 


iop 

Yf 

J 


(71) 


[t/delso^x24  6c 


Substituting  in  for  the  first  order  term  in  equation  (71),  yields  the 
following  measurement  equation: 
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FIGURE  5.  Unit  Impulse'  Responses  for  SISO  Example 
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r 


0 


CT]=  ( [T/Vpo  T/Ro  TAJ0  T/UE0]+[T/Vp,  T/Rp,  T/Ugj  0])x 
+  (tT/Vp,  T/Rp,  T/UE2  0]  CB  ]  +  [T/DELS0])6C 

A  computer  program  was  written  that  formed  the  A,B,C,  and  D 
matrices.  Using  data  supplied  by  AFFDL,  the  system  was  obtained. 

The  A  matrix  eigenvalues  are  shown  in  Table  IV. 

TABLE  IV 

The  Eigenvalues  for  the  B-52  Test  Case 


Real  Part 

±  Imaginary  Part 

Period  (sec) 

-.3971 

.3587E+02 

.1752 

-.5124 

•3603E+02 

.1745 

-.4651 

.2740E+02 

.2294 

-.1918E+01 

.2421E+02 

.2604 

-.6333 

.1996E+02 

.3150 

-.1445E+01 

.1923E+01 

.4956 

-.9345E-03 

.6578E-01 

.9556E+02 

-.6173 

.6154E+01 

.1027E+01 

-.2137E+01 

.l607E*02 

.3947 

-.05404 

.1551E+02 

.4051 

-.1142 

.1238E+02 

.5077 

-.1464 

.1254E+02 

.5012 
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A  computer  program  was  written  to  interface  with  TOTAL 
(Ref  21)  to  obtain  time  domain  and  frequency  domain  responses.  The 
time  responses  of  the  full  twenty-fourth  order  model  to  a  .  1  radian 
step  input  were  obtained.  Figure  13  shows  the  comparison  of  AW925 
(in/seca)  for  AFFDL's  FLEXSTAB  case,  and  the  state  space  model 
in  response  to  .1  radian  step  input.  Figure  14  shows  the  comparison 
for  AW565  (in /sec3).  This  verifies  that  the  correct  model  has  been 
attained.  The  Moore  algorithm  is  now  applied  to  this  state  space 
system. 

Application  of  Moore  "Impulse  Balancing''  Algorithm 

The  Moore  "impulse  balancing"  algorithm  is  now  applied  to  the 
B-52E  flutter  control  problem  state  space  model.  To  assess  the  per¬ 
formance  of  the  resulting  reduced  order  model,  both  the  step  time  res¬ 
ponse  and  the  frequency  response  will  be  compared  to  the  full  24th  order 
system  "truth  model". 

Because  we  examine  the  time  response  performance  with  a  step 
input  an  important  point  should  be  noted.  In  Section  II,  theory  was 
presented  that  claimed  if  the  algorithm  is  designed  for  the  particular 
input  that  the  reduced  order  models  will  be  evaluated  against,  then  lower 
order  models  can  probably  be  attained  for  similar  levels  of  reproduction 
accuracy.  By  subjecting  the  B-52E  flutter  control  problem  reduced 
order  models  to  a  step  input,  for  either  the  impulse  balanced  reduced 
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FIGURE  ?.  Magnitude  Responses  for  SISO  Example 
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FIGURE  13.  Response  To  .1  Radian  Step  in  Outboard  Aileron 
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FIGURE  .  14.  Response  To  .1  Radian  Step  in  Outboard  Aileron 
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FIGURE  8.  Magnitude  Responses  for  SISO  Example 
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order  model,  or  die  step  balanced  reduced  order  model,  we  would 
expect  that  the  step  balancing  algorithm  should  give  better  time  res¬ 
ponse  performance  results. 

Results .  Figure  15  contains  the  response  of  AW925  (vertical 
wing-tip  accelerometer)  to  a  .  1  radian  step  in  outboard  aileron  for 
the  full  order  original  system,  and  the  twentieth,  eighteenth,  and 
tenth  order  impulse  balanced  reduced  order  models  respectively.  A 
definite  degradation  in  both  transient  response  and  steady  state  res¬ 
ponse  occurs  as  the  system  order  is  reduced.  Similar  results  are 
pictured  in  Figure  16  for  AW565  (vertical  mid-wing  accelerometer) 
for  a  .  1  radian  step  in  outboard  aileron. 

In  Figure  17,  the  frequency  response  for  AW925/OBA  is  shown 
for  the  twenty-fourth  (full  order),  twentieth,  eighteenth,  and  tenth 
order  systems.  As  the  system  order  is  reduced,  essential  high  fre¬ 
quency  information  is  being  lost.  However,  the  low  frequency  portion 
of  the  responses  seems  to  be  relatively  constant.  Figure  18  shows 
similar  results  for  AW565/OBA. 

Figure  19  and  20  show  the  pliase  responses  of  AW925/OBA  and 
AW565/OBA,  respectively.  As  in  Figures  17  and  18  the  high  frequency 
information  is  being  discarded.  This  suggests  that  sinusoidal  inputs 
at  these  higher  frequencies  to  the  reduced  order  systems  would  not 
produce  accurate  replication  of  the  full-order  system. 
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18th  Order  System  (impulse  balanced)  d.  10t?i  Order  System  Compulse  balanced) 
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FIGURE  16.  AW565/OBA.  To  .1  Rad.  Step  Input 
Using  Impulse  balancing 


18th  Order  System  (impulse  Dalanced) 
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FlOUltn  iy.  Auy^V^AA  Frequency  Hcaponac 
Using  Impulse  Balancing 


c.  18th  Order  System  (impulse  balanced)  d.  10th  Order  System  (impulse  balanced) 


m«TT 


FIGURE  18.  AW925/OBA  Phase  Response 
Using  Impulse  Balancing 
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(impulse  balanced) _ d.lOth  Order  System  (impulse  balanced 
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Order  System  (impulse  balancing)  d.  iOth  Order  System  (impulse  balancing) 
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FIGURE  20.  AW565/OBA  Phase  Response 
Using  Impulse  Balancing 


18th  Order  System  (impulse  balanced) _ a.  10th  Order  System  (impulse  balanced) 


Figures  21  and  22  show  the  responses  of  AW925  and  AW565 
to  a  .  I  radian  step  in  outboard  aileron  respect  ively.  These  plots 
show  the  full  twenty-fourth  order,  the  fourteenth  order,  and  the  thir¬ 
teenth  order  systems  for  both  Figures  21  and  22.  There  is  a  slight 
steady  state  offset  occurring  in  21b  and  22b  (fourteenth  order). 
However,  severe  transient  and  steady  state  errors  exist  in  the 
thirteenth  order  models  in  Figures  21c  and  22c.  This  suggests  that 
fourteenth  order  is  the  lowest  order  this  system  can  be  reduced  to 
when  impulse  balancing  is  applied  but  a  step  is  the  actual  input  used 
for  eval  uat  ion. 

Hjnf  Matrix  Investigation.  As  mentioned  in  Section  II, 
Appendix  B,  and  References  24,25,  there  is  a  byproduct  of  this 
algorithm  which  gives  an  estimate  of  the  lowest  possible  order  the 
system  can  be  reduced  to  without  severe  loss  of  reproduction  accu¬ 
racy  (subjective).  This  byproduct  is  referred  to  by  Moore  in  Refer¬ 
ences  24  and  25  as  the  "HINp"  matrix. 

In  theory,  the  singular  values  of  the  matrix  provide  a 
guideline  to  the  choice  of  the  lowest  possible  order  the  system  can  be 
reduced  for  accurate  original  system  replication.  However,  this 
test  case  uses  a  step  input  to  an  impulse  balanced  system.  There¬ 
fore,  the  results  may  not  be  as  accurate  as  later  in  this  section  when 
the  system  is  subjected  to  step  balancing. 
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FIGURE  21.  AW925/0BA  to  .1  Radian  Step  Input 
Using  Impulse  Balancing 


1 

\ 


6 


L 


The  singular  values  of  the  HjNF  matrix  for  impulse  balancing 
are  shown  in  Table  V.  The  singular  values  are  listed  in  descending 
order.  As  discussed  in  Section  II  the  number  of  "large"  singular 
values  that  cluster  together  provide  a  guideline  for  the  choice  of  min¬ 
imum  dimension  of  the  reduced  order  model.  There  is  no  clear  divi¬ 
ding  line.  However,  one  of  the  largest  ratios  is  between  the  fifth  and 
sixth  singular  values.  This  indicates  that  for  impulse  balancing 
coupled  with  an  impulse  input,  the  system  order  could  possibly  be  re¬ 
duced  to  fifth  order  without  severe  loss  of  accuracy.  Unfortunately, 
this  system  has  a  D  matrix  (feedforward)  and  an  impulse  input  can¬ 
not  be  applied. 


TABLE  V. 

Singular  Values  of  the  HjNF  Matrix  for  Impulse  Balancing 


2.2443E+05 

8.8185E+03 

1.8684E+03 

3.3900E+02 

2.1825E+05 

6.0901E+03 

2.1874E+03 

3.3819E+02 

1.3755E405 

5.2009E+03 

2.1445E+03 

2.9344E+02 

1.3723E+05 

3.6827E+03 

2.0217E+03 

2.8774E+02 

1.2722E+05 

3.5674E+03 

1.4901E+03 

9.3683E+01 

1.2131E+04 

3.1964E*03 

1.3496E+03 

9.2485E+01 
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The  fourteenth  order  impulse  balanced  system  produces  a 
relatively  good  reproduction  of  the  original  system  in  response  to  a 
.  1  radian  step  in  outboard  aileron.  However,  if  the  theory  holds,  a 
definite  improvement  (lower  attainable  system  order)  should  be 
achieved  through  the  use  of  step  balancing. 

Application  of  Moore  "Step  Balancing"  Algorithm 

By  utilizing  the  two  modifications  to  the  impulse  balancing 
algorithm  described  in  Section  II,  specifically: 

1)  input  (A,  A_1B,  C)  (provided  A"1  exists)  to  the  impulse 
balancing  algorithm 

2)  add  a  D  matrix  to  compensate  for  steady  state  offset 

the  step  balancing  algorithm  is  realized.  The  results  will  show  that 
when  the  algorithm  is  "optimized"  for  a  given  input,  in  this  case  a 
step  input,  lower  order  models  are  achievable  for  a  given  level  of 
system  reproduction  accuracy. 

Results.  In  Figure  23,  AW925  to  a  .  I  radian  step  in  outboard 
aileron  is  shown  for  the  full  twenty  fourth  order  (AFFDL's  and  this 
thesis'),  the  tenth  order  (AFFDL’s  and  this  thesis'),  and  the  ninth 
order  (this  thesis')  models.  In  Figure  23a  AFFDL's  twenty  fourth 
order  and  tenth  order  systems  are  shown.  The  solid  curve  is  the 
twenty  fourth  order  system;  the  dashed  curve,  the  tenth  order  model. 
Notice  that  the  tenth  order  response  has  a  definite  phase  shift  as  time 
increases.  It  also  seems  to  be  damped  slightly  more  than  the  original 
system.  However,  it  gives  an  excellent  reproduction  of  the  transient 
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c.  10th  Order  System  (step  balancing) _ d.  9th  Order 


response  and  the  frequency  of  oscillation.  Figures  23c  and  23d  show 
the  tenth  and  ninth  order  models  obtained  via  the  Moore  step  balancing 
algorithm.  The  transient  reproduction  ability  is  low  for  both  of  these 
systems.  However,  there  is  no  phase  shift  or  excessive  damping  as 
found  in  the  AFFDL  model.  Figure  24  shows  similar  results  for 
AW565  to  a  .  I  radian  step  in  outboard  aileron.  Table  VI  shows  the 
percent  differences  in  magnitude  between  the  twenty  fourth  order  system 
and  the  tenth  and  ninth  order  systems  for  both  AW925  and  AW565  as  a 
function  of  time.  The  table  illustrates  cfie  large  magnitude  of  transient 
errors  and  the  small  magnitude  of  steady  state  errors. 

The  frequency  responses  of  the  twenty  fourth,  tenth,  and  ninth 
order  systems  for  AW925/OBA  and  AW565/OBA  are  shown  in  Figures 
25  and  26,  respectively.  Figures  27  and  28  show  the  phase  responses 
for  AW925/OBA  and  AW565/OBA,  respectively.  Important  high  fre¬ 
quency,  magnitude  and  phase  information  is  being  lost  as  the  system 
order  is  reduced.  However,  comparing  Figures  25  with  17  for  impulse 
balancing,  26  with.  19  for  impulse  balancing,  27  with  19  for  impulse  bal¬ 
ancing,  and  28  with  20,  the  amount  of  high  frequency  information  re¬ 
tained  by  the  step  balanced  reduced  order  models  shows  a  definite 
improvement  over  the  impulse  balanced  reduced  order  model.  Also 
the  tenth  order  time  response  for  step  balancing  (Figures  23c,  24c)  are 
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TABLE  VI 


Differences  in  Time  Response  Between 

Order  Systems 


F.  AW92S  DIF. 
-10  (*)  24-9(;0 


24th  and  10th  and  9th 


DIF.  Arf56«> 
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•  9th  Order  System  (step  balanced) 

FIGURE  26.  Frequency  Response  (AW565/OBA) 
Using  Step  Balancing 
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a.  Full  Order  System 


c.  9th  Order  System  (step  balanced) 


FIGURE  27.  Phase  Response  (AW925/0BA) 
Using  Step  Balancing 


FIGURE  28.  Fhase  Response  (AVJ565/OBA) 
Using  Step  Balancing 
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much  more  representative  of  the  original  system  than  the  tenth  order 
system  obtained  via  impulse  balancing  (Figures  I5d,  I6d).  In  addition 
to  improvement  ir  results  by  using  step  balancing,  the  HjNf4,  matrix 
also  gives  a  better  guideline  for  the  choice  of  the  lowest  order  reduced 
order  model  than  it  did  for  impulse  balancing. 

hINF  Investigation.  Table  VII  contains  the  singular 

values  of  the  HINF  matrix  for  step  balancing.  Grouping  these  singular 
values  into  "large”  and  "small"  groups  yields  approximately  two  sin¬ 
gular  values  in  the  "large"  group.  If  adhered  to  strictly,  this  suggests 
second  order  as  being  the  lowest  order  attainable  without  severe  loss 
of  reproduction  accuracy.  But  if  followed  as  a  guideline,  possibly 
fifth  or  sixth  order  is  the  lowest  order  achievable  (subjective). 

TABLE  VII 

Singular  Values  of  the  Matrix  for  Step  Balancing 


3.3665E+0 6 

6.2795E+02 

2.5876E+02 

2. 7487E+01 

3.3625E+06 

5.9453E^02 

2.3815E+02 

2.7123E+01 

8.8716E+03 

3.3029E+02 

1.2885E+02 

8.1539E+00 

8.8448E+03 

3.0580E402 

1.1655E+02 

8.0367E+00 

6.0047E+03 

2.8524E+02 

8.1622E+01 

2.5982Et00 

9.0330E+02 

2.7912E+02 

8.0676E401 

2.5818E+00 

Figure  29  shows  Che  seventh,  sixth,  and  fourth  order  systems 
for  AW925  in  response  to  a  .  I  radian  step  in  outboard  aileron.  Figures 
30  and  31  show  the  frequency  and  phase  responses  for  AW925/OBA  res¬ 
pectively.  Highly  evident  in  Figures  30  and  31  is  the  fact  that  as  the 
system  order  is  reduced,  more  and  more  high  frequency  information 
is  lost.  This  is  occurring  at  lower  frequencies  as  the  system  order 
is  reduced. 

Therefore,  depending  on  an  observer's  idea  of  "accurate"  re¬ 
production  of  the  original  system,  many  different  system  orders  are 
achievable.  However,  approximately  tenth  order  is  the  lowest  order 
system  attainable  while  still  reproducing  both  the  transient  and  steady 
state  portions  of  tlie  response  fairly  well. 

Summary 

The  Moore  algorithm  seems  to  provide  a  viable  method  for  ob¬ 
taining  a  reduced  order  model  for  a  given  input  system.  Rather  than 
delete  nondominant  poles  (if  any  exist),  as  many  algorithms  do,  the 
poles  and  zeros  as  discussed  in  Section  II  are  shifted  to  compensate 
for  the  loss  of  a  state.  The  Moore  algorithm  in  theory  is  purging  the 
model  of  the  uncontrollable,  unobservable  portion  of  the  system  as 
system  order  is  reduced.  In  practice,  the  Moore  algorithm  is  dis¬ 
carding  high  frequency  information  as  system  order  is  reduced. 
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The  algorithm  is  easily  programmable  and  the  highly  efficient 
subroutine  packages  for  singular  value  decomposition  are  readily 
available  and  numerically  very  stable  (Ref  13,  36).  Potential  appli¬ 
cations  of  the  Moore  algorithm  include  simulation,  on-line  control,  and 
Kalman  filter  design.  The  derivation  of  a  reduced  order  model  re¬ 
quires  no  human  trial  and  error  process. 

The  matrix  gives  a  general  guideline  in  the  choice  of  the 

minimum  order  for  the  reduced  order  model  to  "accurately"  reproduce 
the  original,  full-order  system. 

Although  the  steady  state  controllability  and  observability  gram- 
mians,  which  were  used  exclusively  for  this  study,  only  allow  application 
of  the  Moore  algorithm  to  stable,  time -invariant  systems,  implementation 
of  the  finite  interval  grammians  would  allow  application  of  the  Moore 
algorithm  to  unstable  and  time -varying  systems. 

The  Moore  algorithm  can  be  used  when  other  classes  of  inputs 
are  utilized.  The  lowest  achievable  order  for  inpurs  other  than  an  im¬ 
pulse  or  step  will  probably  not  be  as  low  as  if  the  inputs  had  been  an 
impulse  or  step  however.  This  is  because  the  algorithm  is  "optimized" 
for  impulse  and  step  inputs. 

Properties  of  the  Moore  algorithm  presented  in  Section  II,  this 
section,  Appendix  B,  and  References  24  and  25  make  the  "internally 
balanced"  state  coordinate  system  highly  desirable.  The  internally 


balanced  state  coordinate  system  is  the  decomposition  of  Kalman 
achieved  by  using  "working  subspaces"  provided  by  the  controllability 
and  observability  grammians.  The  states  are  ordered  with  respect 
to  their  controllability  and  observability  properties. 

Finally,  the  Moore  algorithm  may  never  be  the  best  model 
order  reduction  procedure  that  can  be  used,  but  it  does  provide  a  fast 
and  accurate  determination  of  a  reduced  order  model  requiring  no 
human  trial  and  error  process. 
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VI.  RESULTS  AND  RECOMMENDATIONS 


The  goals  of  this  study  were  twofold.  Eirst,  the  desire  was 
to  investigate  the  Moore  algorithm  through  its  application  to  the  rela¬ 
tively  high  order  B-52E  CCV  flutter  control  problem.  Second,  it 
was  desired  to  develop  an  interactive  computer  program  which  en¬ 
ables  a  user  to  not  only  obtain  the  balanced  representation  (via  the 
M  oore  algorithm)  for  his  system,  but  provides  other  options  useful 
in  the  study  of  multi-input-multi-output  systems  as  well.  This 
section  describes  to  what  extent  these  objectives  were  met  and  the 
results  thereof,  as  well  as  recommends  areas  for  future  investigation. 

SUMMARY  OF  RESULTS 

There  are  four  main  results  of  this  study.  These  results  in¬ 
clude:  successful  determination  of  a  tenth  order  model  via  the  Moore 
algorithm  to  compare  with  AFFDL's  tenth  order  model  for  the  B-52E 
CCV  flutter  control  problem:  successful  investigation  of  the  singular 
values  of  the  llj^p  matrix  as  a  means  of  determining  the  minimum 
dimension  of  a  reduced  order  system  for  "accurate"  full  order  system 
reproduction:  and  a  working,  interactive  computer  program  together 
with  a  fully  documented  user's  manual  for  the  program.  Each  result 
will  now  be  discussed  individually. 


95 


Comparison  of  reduced  order  models  for  B-52E  CCV  flutter 


control  problem.  In  Section  V  the  Moore  algorithm  was  applied  to 
the  B-52E  CCV  flutter  control  problem's  24th  order  model.  Figures 
23,  24  showed  the  tenth  and  ninth  order  systems  obtained  via  the 
Moore  algorithm  vs.  the  tenth  order  system  obtained  via  the  modi¬ 
fied  Schwendler  and  MacNeal  technique  used  by  AFFDL.  The  results 
are  good.  The  phase  shift  and  damping  changes  observed  in  AFFDL's 
response  are  not  present  in  the  Moore  algorithm  responses.  Since 
the  definition  of  "goodness"  is  usually  user-defined,  it  is  up  to  the 
reader  to  determine  which  technique  provides  the  better  results.  At 
the  very  least,  however,  the  Moore  algorithm  offers  desirable  pro¬ 
perties  that  the  Schwendler  and  MacNeal  technique  does  not.  It  is 
fast,  accurate  and  efficient  where  AFFDL's  technique  may  be  more 
accurate  (dependent  on  user  definition),  but  is  definitely  much  slower 
in  terms  of  user  development  time  than  the  Moore  algorithm. 

Each  technique  has  its  own  advantages  and  disadvantages. 
AFFDL's  technique  deals  with  the  "physical"  state  coordinate  system 
and  thus  results  may  be  interpreted  in  a  physical  way.  The  Moore 
algorithm  works  solely  in  a  mathematical  coordinate  system  and 
thus  no  such  physical  interpretations  can  be  made. 

The  Moore  technique  also  offers  a  guideline  to  the  choice  of 
minimum  order  for  a  reduced  order  model.  The  Moore  technique 


is  applicable  to  linear,  time-invariant,  stable,  MiMO,  or  SISO  sys¬ 
tems.  The  technique  could  be  applied  to  unstable  systems  as  well, 
by  either: 

1)  numerically  integrate  to  solve  for  the  controllability  and 
observability  grammians  over  finite  time  intervals. 

2)  obtain  an  algorithm  which  solves  the  two  matrix  Kicatti 
equations  for  an  A  matrix  with  negative  and  positive  eigenvalues. 

These  matrix  Kicatti  equations  are  (Kef  20,2-1,25): 

AWc(„  +  W^,  co  AC  =  -BK1  (73) 

AtWo,»  +  Wo,  a.  A  =  -CrC  (74) 

The  Moore  algorithm  may  possibly  never  be  the  best  of  all  possible 
algorithms  that  exist,  but  it  does  provide  an  accurate  reduced  order 
model  swiftly  and  efficiently. 

lllNP  matrix  singular  values  investigation.  Section  V  pre¬ 
sented  the  singular  values  of  the  ll^p  matrix  for  both  impulse  bal¬ 
ancing  and  step  balancing.  The  results  showed  tliat  the  ll[Np  matrix 
singular  values  do  give  a  fairly  accurate  guideline  to  follow  in  deter¬ 
mining  the  minimum  acceptable  order  of  the  reduced  order  system. 

MIMO  —  an  interactive  computer  program.  Section  III 
presented  the  interactive  computer  program  MIMO.  Although  time 
did  not  allow  the  development  of  an  extensive  error  checking  capa¬ 
bility,  the  program  does  function  ns  designed  and  offers  fifteen 
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options  that  aid  a  knowledgeable  user  in  the  analysis  of  multi-input- 
multi-output  systems. 

The  computer  program  offers  the  following  options: 

0)  List  all  available  options. 

IV  Terminate  MlMO--update  local  file  MEMORE. 

2)  Input  system.  Obtain  impulse  balanced  or  step  balanced 
coordinate  system. 

3)  Discretize  the  input  system.  Obtain  F,G,  controllability, 
observability,  and  Hankel  matrices. 

4)  Plot  and  optionally  list  singular  values  and  their  ratios 
vs.  sample  time  for  controllability  matrix,  observability 
matrix,  and/or  ilankel  matrix. 

5)  Obtain  continuous  time  controllability  and  observability 
matrices. 

6)  Estimate  the  condition  number  of  a  square  matrix. 

7)  Obtain  singular  values  and/or  right  and  left  singular 
vectors  of  a  matrix. 

8)  Plot  and  optionally  list  the  frequency  response  of  user- 
specified  order  of  balanced  model. 

9)  Dispose  plots  to  AEIT  plotter. 

10)  Update  local  file  MEMORE. 

11)  Recover  information  from  MEMORE. 

12)  Interface  to  TOTAL. 


13)  Obtain  output  normal  state  coordinate  system. 

14)  Obtain  output  predictive  state  coordinate  system. 

15)  Obtain  the  controllability  and  observability  grammians 


for  the  input  system. 

User’s  manual.  The  user's  manual  is  an  important  part  of 
the  development  of  the  computer  program.  Examples  were  included 
to  illustrate  the  program's  options.  The  explanations  of  each  option 
were  made  as  clear  as  possible  bearing  in  mind  the  information  to  be 
presented.  The  assumption  was  made  that  the  potential  user  knew 
how  to  login  to  the  interactive  terminal.  Beyond  that  assumption, 
the  user's  manual  explains  all  other  steps  up  until  logout.  Tiie  user's 
manual  is  found  in  Appendix  C. 

RECOMMENDATIONS  FOR  FUTURE  STUDY 

There  are  several  ways  that  this  study  can  be  expanded  upon. 
Each  recommendation  is  now  presented. 

As  mentioned  in  Section  V,  the  Moore  algorithm  obtains  a  sys¬ 
tem  which  is  robust  to  perturbations  in  system  elements.  Therefore, 
a  useful  and  interesting  follow-on  would  be  to  create  model  mismatch 
by  perturbing  the  eigenvalues  of  the  system  by  given  percentages. 

The  results  should  indicate  a  correlation  between  the  condition  number 
and  tiie  amount  of  model  mismatch  that  can  l)e  tolerated  for  a  parti¬ 
cular  system  design. 
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Another  interesting  application  would  be  to  extend  the  algorithm 
to  discrete-time  systems.  The  continuous  time  matrix  could 
possibly  be  replaced  by  the  finite  dimension  discrete-time  Hankel 
matrix  in  the  existing  algorithm.  The  two  grammians  that  must  be 
solved  would  then  have  to  be  numerically  integrated.  Other  changes 
would  also  probably  have  to  be  made. 

Many  other  options  could  be  added  to  MIMO.  With  the  com¬ 
plexity  of  systems  today,  an  interactive  computer  package  is  a  must. 
New  routines  could  be  highly  useful  in  the  analysis  and  design  of  a 
given  system.  Also,  an  efficient  error  checking  capability  coupled 
with  an  improved  user  interface  would  be  highly  beneficial. 

The  Moore  algorithm  as  currently  programmed  is  not  as  effi¬ 
cient  in  terms  of  computer  resources  required,  as  possible.  The 
efficient  coding  of  this  algorithm  by  someone  well  versed  in  that  area 
for  potential  on-line  applications  would  be  a  very  desirable  follow-on. 
Analyses  could  then  be  done  to  determine  which  algorithm  out  of  a 
field  of  algorithms  had  the  most  potential  for  on-line  applications. 
These  are  but  a  few  of  tlie  areas  that  could  be  investigated. 

Since  there  is  a  great  need  for  efficient  model  reduction  al¬ 
gorithms,  it  is  hoped  that  the  results  of  this  study  will  be  useful  in 
the  determination  of  such  algorithms. 
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DEFINITION  OF  THE  SINGULAR  VALUE  DECOMPOSITION 

A  singular  value  decomposition  occurs  when  a  general  matrix 
is  reduced  to  diagonal  form  by  prc multiplying  and  postmultiplying  it 
by  unitary  matrices  (Ref  36:  318-325,  Ref  13:  11.1-11.3,  Ref  24:  6-8). 
The  equation  is  written  as: 

5L  0* 

It  X  IJ 

VnAmxpU  =  *  where  Vn  denotes  the  conjugate  (A-l) 

0  0_  transpose  of  V 

where  A  is  a  general  matrix 

Ex  =  diag  (ox,  aa,  ...  o^)  and  o^o^...  ^arK) 

n  >r 

r  =  min  (m,p) 

V,U  are  unitary  matrices 

The  columns  of  V  are  called  the  left  singular  vectors.  They 
are  the  eigenvectors  of  AA^.  The  columns  of  U  are  called  the  right 
singular  vectors.  They  are  the  eigenvectors  of  A^A.  The  singular 
values;  ov  oa,  ...  or,  are  the  non-negative  square  roots  of  the  eigen¬ 
values  of  A**A. 

Thus,  any  general  matrix  can  be  factored  into: 

^mxp  =  ^mxm  ^tnxp  ^pxp 


(A-2) 


w 


I  nup.1 


This  factorization  of  a  matrix  has  several  "nice”  properties. 
Since  only  unitary  matrices  are  used,  errors  are  not  magnified. 

Thus,  the  rxx  sub-matrix  \  will  only  be  of  defective  rank  if  the 
matrix  is  of  defective  rank  (Ref  36:318). 

The  left  singular  vectors  are  the  axes  of  an  ellipsoid  with  the 
corresponding  singular  values  being  the  lengths  of  the  axis  of  the  ellip¬ 
soid.  Thus  ox  =  omax  is  the  length  of  the  major  axis,  and  of  =  amin 
is  the  length  of  the  minor  axis  of  the  ellipsoid. 

Defining  a  quantity,  K(A),  as  the  ratio  of  o  to  omin 
(°max/0min^  ^  a  measure  of  eccentricity  of  the  ellipsoid. 

The  scalar  K(A)  is  termed  the  "condition  number  with  respect  to 
inversion"  of  the  matrix  A.  The  larger  in  magnitude  the  condition 
number,  the  more  eccentric  (near  degenerate)  is  the  ellipsoid,  and 
thus,  the  more  closely  the  A  matrix  is  to  being  singular.  Therefore, 
unlike  eigenvalues  which  tell  us  only  if  a  matrix  is  singular  or  not, 
singular  values  give  us  an  idea  of  how  close  we  are  to  being  singular 
(i.e. ,  how  big  the  perturbations  in  the  elements  of  the  matrix  can  be 
before  the  matrix  becomes  singular). 

Defining  ||A|L  =  max  |yT  Ax  | 

IU!U=1lxil= 1 


(A-3) 


C 


A-2 


is  indeed  the  value 


as  the  2-  norm  of  a  matrix  (Ref  36:180), 
of  the  norm;  i.e.  ,  ||  All  =  or  Likewise,  ||A+||=  x/°r;  where  A+  denotes 
the  generalized  inverse.  (A-4) 

Finally,  K(A)  =  °max/°min  also  equals  IS  All  II A+||,  which 

is  the  formal  definition  of  K(A)  (Ref  7:1). 

Singular  values  have  many  other  properties  which  are  important, 
but  are  beyond  the  scope  of  this  appendix.  The  reader  is  referred  to 
Reference  36:318-325.  The  material  presented  in  this  appendix  hope¬ 
fully  will  acquaint  the  reader  who  has  a  linear  algebra  background  with 
enough  of  the  basics  of  the  singular  value  decomposition  to  follow  the 
development  in  the  text. 
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DESCRIPHON  OF  THE  ALGORITHM 

^Ref  24,25) 

The  algorithm  to  be  presented  here  was  developed  by  Dr  Bruce 
Moore  of  the  University  of  Toronto.  The  algorithm  will  be  developed 
and  presented  to  enhance  the  understanding  of  the  properties  and  re¬ 
sults  from  the  application  of  this  algorithm.  A  more  extensive  devel¬ 
opment  may  be  found  in  References  24  and  25. 

To  comprehend  the  development  of  this  algorithm,  one  requires 
an  understanding  of  singular  value  analysis.  A  brief  description  of 
singular  value  analysis  is  presented  in  Appendix  A.  The  reader  is 
also  referred  to  Reference  36  for  an  excellent  treatment  of  the  subject. 

Singular  val  ue  analysis  is  applied  to  linear  static  equations, 
followed  by  its  appl  ication  to  linear  differential  equations.  The  results 
will  then  be  applied  to  state  space  models  yielding  the  "internally  bal¬ 
anced"  representation,  which  will  result  in  reduced  order  models. 
Results  for  the  algorithms  as  appl  ied  to  a  third  order  example  as  des¬ 
cribed  by  El-Attar  and  Vidyasagar  in  Reference  14  arc  presented  in 
Section  IV  of  this  thesis. 

Tlte  following  discussion  is  divided  into  two  major  areas  (Ref 

24,25): 

1)  external  variable  analysis  (those  which  may  be  measured 
and/or  manipulated), 
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2)  internal  variable  analysis  (state  variable  coordinate  system). 
Both  sets  of  variables  need  to  be  considered  for  an  effective  model  re¬ 
duction  technique. 

The  notation  will  be  the  same  as  Dr.  Moore  used  in  References 
24  and  25  to  enable  the  reader  to  easily  make  the  transition  between 
this  paper  and  Dr.  Moore's  papers.  The  notation  is: 


R 

The  field  of  real  numbers 

C[0,  tj 

ring  of  piecewise  continuous 
functions  on  interval  [o,  tx] 

Rm 

mtfl  dimensional  vector  space 

Cm[OftJ 

mtfl  dimensional  vector  space 

Ker(M) 

Null  space  of  M 

Im(M) 

Range  space  of  M 

T 

M 

transpose  of  M 

S 

Sub space 

S^,  6  RN 

orthogonal  complement  in  R^ 

Capital  letters 

Matrices  and  maps 

Underscored  letters 

Vectors 

fell 

Euclidean  norm  of  a  vector 

II  Ml! 

Subordinate  Spectral  norm  for 

matrix 

where  ||M||  =  max  ||Mx|| 

llx||  =  r 
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For  the  linear  equation 


nr  -  Mrxm  wjn 


(R-l) 


where  M  can  be  thought  of  as  a  map  transforming  Rm  into  Rr  (Ref 
28:77-', 8),  there  are  four  suhspaccs  which  completely  characterize 
equation  (B-l).  These  suhspaccs  are: 

Im(M) 

Im(M)^~  Ker(MP) 

Ker(M) 

Ker(M)i=  Im(MT). 


Fora  non-trlvial  solution  (W  /0)  to  exist,  Kcr(M)  /0.  The 
columns  of  M  must  lx;  linearly  dc|xmdent  (Ref  28:3*71).  Then  by 
tiefining  Vx  and  Va  to  be  matrices  with  orthogonal  columns  (basis 
vectors)  which  span  Ker(M)  and  Ker(M),  respectively,  we  may  write 
the  vector  w  as 

w  =  V^  +  V^w*.  (R-2) 

Substituting  equation  (R-2)  into  equation  (B-l)  and  rewriting  yields 

n  =  MVjWj+MVgWj,  (B-3) 

Since  Ker(M)  is  comprised  of  the  subspace  of  all  possible  solu¬ 
tions  to  tlx;  homogeneous  linear  equation 

Mw  =  0  (Ref  28:3-38),  (B-4) 
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MVa  =  0 .  Therefore,  equation  (B-2)  reduces  to 

n  =  MVxw  !  (R-5) 

T 

Thus,  it  is  seen  that  the  variable  wa  =  Va  w  has  no  effect  on  rho  sys¬ 
tem.  A  redundancy  exists  and  is  stripped  away  by  reduction  of  equation 
(B-l)  to  equation  (R-5). 

Similarly,  if  we  define  Ult  l»s  ns  two  matrices  whose  ortho- 
normal  columns  span  lm(M)  and  Im(M)^,  resjx*crively,  then  equation 
(B-l)  can  be  rewritten  as 

U,1',  n  Hlfn  =  U?  Mw  +  li'  Mw,  (B-6) 

which  reduces  to 

«  =  V*  Mw;  where  ujn  -  0  (B-7 ) 

This  exposes  the  redundancy  associated  with  n. 

Combining  the  results  of  equations  (B-5)  and  (B-7),  thereby  ro- 
moving  the  redundancy  yields 

UjJn  =  (U^MV^ii-  (B"'s) 

The  minimum  norm  vector  w  which  minimizes  II R  -  Mw||  is 

w  =  Vxw.  (B-^) 
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where  w  satisfies 

vjn  =  (UT  MVX)  w  (B-10) 

Unfortunately,  though  theoretically  sound,  the  above  computations 
might  yield  erroneous  results  when  programmed  into  a  digital  computer. 

Fixed  wordlengths,  truncation  and  the  like  can  cause  a  matrix 
of  less  than  full  rank  to  appear  to  be  of  full  rank.  However,  through 
use  of  the  singular  value  decomposition  these  restrictions'  effects  are 
greatly  reduced. 

If  we  define  the  following  subspaces 

sm  =  { n  e  Rr  :  n  =  Mw,  ||w  ||  =  1 } 

™  ~  “  (B-ll) 

S,y)  =  tw  e  Rm:  w  =  M1  n,  j|n||  =  1} 

which  are  contained  in  IM(M),  Ker(M),  respectively,  and  perturb  M 

T 

by  no  more  than  H&  Mil  (M&=  M+AM),  then  Sm<i,  SmA  must  be  "nearly" 
in  those  subspaces. 

Referring  to  Appendix  A,  the  singular  value  factorization  of  a 
matrix  M  yields 

M  =  Ux  E,  vj  .  (B-12) 

Ux  and  Vx  have  orthonormal  columns  which  span  Im(M)  and  Kcr(M)^- 
respectively. 
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Then,  by  defining  Ua,  V8  to  be  matrices  with  orthonormal 
columns  which  span  Im(M)^\  Ker(M),  respectively,  the  singular  value 
factorization  of  M  may  be  rewritten  as 


=  (Uxu3) 

K  6 

r  t  l 

v/ 

?  Q 

VT 
Lv9  J 

=  UWT. 


(B- 13) 


The  columns  of  U  are  the  left  singular  vectors,  while  the  col¬ 
umns  of  V  are  the  right  singular  vectors.  We  can  rewrite  n  =  Mw 
now  as 


pna  _ 

,  T  n 

r  .  T  n 

ilx 

Ux 

El  Vl  w 

s 

rw 

Mw  = 

n 

UT 

0 

.  a  J 

where  n,  =  n  n 

•*1  1  ■■■4 

a.  *  UI  a,  • 

Thus  we  can  obtain 

*;*  &  •  v?  s 

IlCSJ*  >  #v7w||*  s  i|w||. 


(B— 14) 


(B-15) 


Equation  (15)  allows  us  to  view  the  singular  value  factorization 
from  a  geometrical  point- of- view.  For,  every  vector  in  Sm  is  con¬ 
tained  an  elliptical  region  in  Rr.  The  boundary  of  which  is  defined 
by  (Ref  24:7) 


B-6 


+  . .  . 


1. 


(B-16) 


n 


.1 


m,  i 


n“  i 

—  *, 

oL,  i 

m, 1 


where 


am.  i  a  °m,  i+1 


As  we  saw  in  equations  (B-6)  and  (B-7),  is  associated  with 

redundancy  as  applied  toji  =  Mw.  Therefore,  the  column  vectors  of 

Ua  are  unit  vectors  aligned  with  a  degenerate  axis  of  an  ellipse,  where 

its  corresponding  singular  value  is  the  length  of  that  axis.  Just  the 

opposite,  the  columns  of  U  are  the  nondegene  rate  axes  of  the  ellipses. 

Hence,  the  degenerate  axis  of  each  ellipse  even  under  slight 

perturbation  spans  a  space  very  close  to  Im(M)^\  The  nondegenerate 

axis  of  each  ellipse  spans  a  space  very  close  to  the  lm(M). 

T 

Similarly,  the  subspace  SU1  can  be  so  characterized.  Let  the 
columns  of  V  be  the  coordinate  vectors  eRm,  so  that  n  =  Mw  becomes 


n  =  M(VlVa) 


=  U,  ^  wx 


(B-17) 


We  can  write 


II  ^  \  II8  = 


(B-18) 
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Thus  the  equation  of  the  ellipse  can  now  be  written  as  (Ref  24:8) 


+ 


0/°m,  i)a 


(B-19) 


From  Appendix  A  we  know  that 

°i  =  Snax  =  II  Mil.  (B-20) 

Using  the  equation  M  A=  M+AM,  we  can  define  an  upperbound  on  the 
effect  of  a  perturbation  on  M  by  writing 


II  AM  | 


o 

An,  max 


Then  generalizing,  equation  (B-21)  can  be  rewritten  as 


(B-21) 


I  Vi '  «mA,i 1  *  ||lM|1-  <B'22> 

Singular  values  are  also  useful  in  the  determination  of  the  worst 
case  sensitivity  of  minimum  norm  solutions  of  n  =  Mw  to  perturbations 

in  n. 

Defining  w.w  ^  to  be  minimum  norm  vectors  satisfying  n  =  Mw, 
such  that  the  matrices  U  and  V  in  the  singular  value  factorization  of 
Mare  the  Identity  matrix,  the  following  equation  can  be  written. 


II  Aw  1|  =  om>1  II  A  ill  II 

II  w  ||  omf  x  I  n  IF 


(B-23) 
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'  where  if  M  is  nxn,  om  |/om  /  is  the  condition  number  with  respect 

to  inversion  (Ref  24:9). 

The  previous  results  show  us  that  though  the  singular  value 
factorisation  of  M  is 

(B- 24) 

where  L  denotes  ’’large",  and  s  denotes  "small",  can  be  rewritten  as 


M  =  ulE1v7=  tu1(Lu1>s]  Kl  o 


M  =  U,  E  vT  =  U,  .  E .  V7T 


,T 


(B-25) 


if  the  elements  in  U,  „  E.  „  V,  are  smaller  in  magnitude  than  the 

It  o  s  S  s 

uncertainty  of  the  given  system. 

Now,  expanding  the  previous  results  to  systems  of  linear  differ¬ 
ential  equations,  many  of  the  properties  apply.  The  equation  of  concern 
is 


n(t)  =  M(t)  w(t),  0  st  st1 . 


(B- 26) 


The  map  t  :  Rm  -♦  Cr  (0,  t.)  is  defined  by  equation  (B-26). 
ni,  ij  l 

The  map  Lm|  ^  :  C171^,^)-*  Rr  is  defined  by 


^  =  f 


M(t-T)  U  (T)  dT. 


(B-27) 


B-9 


Again,  associated  with  the  map  M(t)  the  following  fundamental 
subspaces  exist: 


A 

Im(Lm,t,>  =  =  M  (tj-rJ^TXlT.UcC^O.t )} 

l  Jq  —  —  1 

Ker  A  rm,  t^  =  f  w  :  M(t)  w  =  0,  0  *  t  <  tx } 

Ker(HmTtl) 

Ker  ("m,  t/=  >m(LmT,ti) 


(B-28) 


As  before,  if  Im(Lm>  )  does  not  span  Rr  (such  that  a  non¬ 
trivial  solution  does  exist),  then  there  exists  two  matrices  U2  with 
orthonormal  columns  which  span  Im(Lm>  Im(Lm>  ^  so  that 

|  U(T)dr  =  0  for  all  U  e  Cm(0,  tx). 

Rewriting  equations  (B-26)  and  (B-27)  yields 

U^n(t)  =  U^M(t)  w  0  ^  t  s  tx  (B-29) 

Ujn(t)  =  0 


and 


U^nCtJ  =  f  1  U^M  (trr)  U  (r)dr 
*o 

ujn  (tx)  =  0. 


(B-30) 
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Similarly,  If  Ker  (m.tj)  =  0,  then  two  matrices  VrV  exist 
which  span  Ker  (Hm,  t^and  Ker(llm.  tj),  respectively.  Writing 


w  =  Vx  wi4-Vawa 

V(t)  =  v10l(t)  +  vau8(t), 


(B-31) 


where  M(t)V  =0  forte[0,  t  ],  equations  (B-26)  and  (B-27)  can  be 

3  1 


rewritten  as 


n(t)  =  M(t)  Vx  w  x ,  0  <  t  s  t 
rh 

n(t4)  =  I  M(t1-T)V1Ui(T)dr. 


(B-32) 


Combining  equations  (B-29)  aixi  (B-32)  yields 
n(t)  =  (Uj*  M(t)  Vj)  wx,  0  <  t  *  tx 
vjnftj  =  j  1  (U^M^-rjV^U^TjdT 


(B-33) 


Therefore,  in  order  to  use  the  results  of  the  previous  section, 
and  to  be  able  to  program  the  algorithm  on  a  computer,  we  need  matrix 
representations  of  the  four  subspaces. 

Forming  the  equation 


....  ■  (: 


M(t)  IVi(t)  dt  (Grammian), 


(B-34) 


that  important  matrix  representation  is  achieved.  This  matrix  is 
Wm,  t4,  which  is  the  symmetric  square  root  of  equation  (B-34). 
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Then  Im(Lm,  tx)  =  Un(Wm ,  tx),  and  Ker(Hm,  tx)  =  Ker(WmT,  t^).  Appli- 

T 

cation  of  singular  value  analysis  to  Wm,  t^Wm  ,  t^)  will  reflect  the 
norm  characteristics  of  the  maps  with  no  distortion. 

This  allows  the  geometric  concept  obtained  previously  to  be  ex¬ 
tended  to  linear  differential  equations.  The  reader  should  note  that 
Wm.tj  is  symmetric  and  positive  definite.  Similar  to  equation  (M-22), 
equation  (11-35)  can  l>e  written  as 


pill  M(t)  dt  || . 


(13-35) 


To  define  the  worst  case  magnification  of  perturbation  in  the 

solution  of  n  (t)  =  M(t)w(t),  the  condition  numbers  of  Wm,  tx  and 
T 

Will  ,  tx  may  be  used. 

Moore  shows  in  Reference  24  that  if  a  -  o  a  . . .  *  a  s  0 

•  3  I 

X*  Ill 

(singular  values  of  Wm,  tx),  neR  ,  thenUneC  (0,  t  )  be  the  minimum 
norm  function  satisfying  n  =  Lm,  tx(U  n).  produces 


ftllUU  (t)  ||  sdt 

* 

m  — 

II  An  || 

f'llUnO)  11 8  dt 

■'o 

0 

r 

m  J 

II  n  || 

where 

*  LiS&„  -  V>  • 
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Similarly,  Moore  shows  that  given  ox  *  ag  s. . .  *  om  *  0 
T 

(singular  values  of  Wm  ,  tx),  there  exist  w,  Aw  such  that 


I  ||  M(t)  A  w  ||  adt 
•'o _ ~ 

f  X|1  M(t)  w  || 3  dt 


°ml  »  A  * 


(B-37) 


Extendii  »  the  pix>vious  results  of  linear  static  equations  oiK'e 
again  allows  the  equations 


=  a\U)  T.L  0 


0  t. 


WmTA.tv  -  <W  rL  0 


0  r. 


(B-38) 


to  be  written.  If  rg,  Fg  elements  arc  small,  Ux,  Ufl,  V.  V8  maybe 

1  1 

used  as  working  subspaces  for  lm(Lm,tx),  lm(Lm,  tx)  ,  Ker(Hm,t  )  . 
and  Ker(llm,  tx),  respectively. 

The  previous  results  will  now  l>e  applied  to  external  variables 
(those  which  may  be  manipulated  and/or  measured).  Here,  we  can 
define  the  system  to  be  Y(t)  =  M(t)U(t). 

Defining  Wtn.t,  *  Eout  uj,,  and  WmT.tl  «  V,„  S,„  V^, 
(where  "out”  and  "in"  suggest  association  with  outputs  and  inputs). 


we  may  apply  orthogonal  transformations  to  yield 
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(B-39) 


Y(t)  =  U^tY(t).  U(t)  =  VinU(t). 


Our  system  is  now  Y(t)  =  M(t)  U  (t).  Then,  Y(t)  =  M(t)  U(r)  =  UqUI: 

M(t)  U(t)  =  Ujut  M(t)  Vin  U  (t) .  (B-40) 

Therefore,  M(r)  =  U^ut  M(t)  Vj  .  Proceeding  to  obtain  the  grammians 
yields 


WmT,  t. 


(B-41) 


Witli  this  result,  we  may  say  that  the  outputs  are  ordered  with 

respect  to  responsiveness  to  an  input,  and  the  inputs  are  ordered  with 

respect  to  their  influence  on  the  output.  Unfortunately,  however, 

T 

Wm,  t1,  Wm  ,tx  are  dependent  on  the  internal  coordiaate  system. 

Therefore,  the  discussion  will  now  turn  to  the  internal  coordi¬ 
nate  system.  The  discussion  will  use  the  Sv^te  space  representation. 
Given  equations  of  the  form 

X  (t)  =  A  x  (t)  +  B  u  (t)  (B-42) 

where  Y  (t)  =  C  x  (t), 

X  (t)  e  Rn,  Y  (t)  €  Rm  . 
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Let, 


Mx(t)  =  eAtB,  M2(t)  =  CeAt  (B-43) 

Then,  Im^m^  tx)  is  the  controllable  subspace  Xc.  The  unobservable 

subspace  is  equal  to  Ker(Hm2,  tj).  Then,  by  previous  results  we  can 

show  that  ImCLm^  tx)  =  Im(Wc,  t ),  and  Ker(Hm2>  t^  =  Ker(Wo,  tx) . 

Wc.tj  is  the  symmetric  square  root  of  W^,  tj  s  J  1  e^tBB^e^  cdt. 

Wo,  tx  is  the  symmetric  square  root  of  Wq  t  ^  I  eA  kjCe^dt. 

1  -'o 

Redundancy  of  state  variables  is  caused  by  uncontrollable,  un¬ 
observable  modes  (Ref  24:25).  By  applying  our  geometrical  concept 
provided  by  singular  value  analysis  to  Wc,  tx  and  Wo,  tx ,  we  have  an 
"image"  of  the  controllable  (observable)  subspace.  We  would  like  to 
then  interpret  near  degeneracy  of  the  ellipse  (condition  number  large) 
as  a  measure  of  redundancy  of  state  variables.  Unfortunately,  as  in 
equation  (41)  the  controllability  and  observability  grammians  are  state 
coordinate  dependent. 

If  we  apply  a  coordinate  transformation  to  (A,B,C)  to  yield 

/  /  I 

(A,B,C),  we  have  the  following  equations: 

A'  =  T“lAT  (B-44) 

B  =  T  ‘B 
C  =  CT. 
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The  controllability  and  observability  gram  mi  a  ns  are  rob  tod  by 


h 


T*  Wa 
1  wo,  tx 


T. 


(B-45) 


Then  performing  a  singular  value  factorization  on  VVc.t  . 
Wo,t1  yields 


Wc.t, 

=  Uc,tx 

V 

"c .  tx 

I'c.t, 

(H-46) 

Wo,tl 

uo,  tx 

ro,  tj. 

T 

"o.r. 

The  •,t1  notation  will  now  be  deleted  for  simplicity.  By  lotting  T  1 

T  „  r 

in  equation  (B-45)  equal  Uc  ,  we  got  W®  -  l.W^  -  1111.  where 


II 


s 


o 


U 


c 


V 


(B-47) 


The  singular  values  of  11  are  equal  to  those  of  W  .  This  toives  an 
input  normalization. 

Let  us  look  at  the  matrix  11  in  more  detail.  The  continuous 
time  grammians  arc  related  to  their  disc  rote- time  matrix  counter¬ 
parts  via 
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(B-48) 


Wc  ~  -I-  ^  Mcon  ^  ^-Mcon  ^ 

h-*OT 

K  =  J™1'  h  ^obs]T  CMobs] 
h  -*0 


where  h  is  sampling  time 


M  is  the  discrete-time  extended  controllability  matrix, 
con 

Mobs  is  the  discrete-time  extended  observability  matrix. 

T  T 

Let  Wc,  WQ  have  factorizations  Uc  T,q  Uc  and  UQ  Uc  , 

respectively.  Let  l^on  =  Ucon  T.cm  VconT,  and  Mobs  = 

T 

£obs  Vobs  *  Moore  shows  that 


U„ 


limit 
h  -»  o 


U  E 
con  c 


limit  1 

li  -»  o  vTT 


con 


U0  =  limit  Uobe  I0 
h  -»  o 


li  mit 
h  o 


(B-49) 


a 


U 


limit 
h  -*  o 


a HANK EL  ‘ 


(B-50) 


Equation  (B-50)  offers  an  interesting  result.  The  infinite  dimensional 
Hankel  matrix  ( [  MQbs] )  C(Mcon)  ]  is_  coordinate  invariant.  This 
result  shows  that  essential  information  contained  in  the  Hankel  matrix 
is  embodied  in  the  H  matrix.  The  singular  values  of  the  Hankel 
matrix  give  a  measure  of  closeness  to  redundancy  of  state  variables. 
Therefore,  the  singular  value  decomposition  of  Moore’s  H  matrix 
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V . 


1 


gives  us  pertinent  information  about  the  redundant  state  variables.  With 
this  H  matrix,  loosely  we  have  injected  controllability /observability 
properties  into  a  single  matrix. 

Defining  a  new  system  related  to  the  original  system  via 


X  =  TZ 


where  T  =  U0  E'1  UH 


T 

H  “H  VH 


H  =  Uu E„ V 


(B-51) 

(B-52) 


produces  the  "internally  balanced"  state  representation.  This  trans- 
formation  forces  Wc  =  WQ  =  £  Thus,  the  internally  balanced  system 
is  balanced  with  respect  to  an  "equal"  weighting  on  controllability  and 
observability  properties. 

Many  desirable  properties  result  from  the  internally  balanced 
representation.  Only  one  of  which  is  the  fact  that  the  singular  values 
of  the  H  matrix  give  us  an  estimate  of  how  low  we  can  reduce  the  order 
of  the  system  without  severe  loss  of  accuracy.  This  can  be  viewed 
most  easily  again  from  the  geometrical  point  oi  view.  As  discussed 
previously,  the  H  matrix  contains  information  concerning  the  obser¬ 
vability  and  controllability  properties  of  the  particular  system.  If  we 
observe  the  singular  value  of  H  as 


°v  aa . °k’  °k+l'  *  °n* 


(B-53) 
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where  >>ak+j  ,  then  since  the  singular  values  are  the  lengths  of 
the  axes  of  the  hypercllipsoid,  can  be  thought  of  as  being  associated 
with  the  major  axes  of  the  hyperellipsoid.  Then,  through  an 
can  be  thought  of  as  the  minor  axes  of  the  hyperellipsoid. 

Therefore,  if  indeed  ^  >>ck+i  *  we  can  v*ew  ^ie  axcs  corres¬ 
ponding  to  through  °n  as  being  degenerate.  As  mentioned  pre¬ 
viously,  "degeneracy”  corresponds  to  state  variable  "redundancy"  for 
our  coordinate  invariant  system.  Since  the  H  matrix  embodies  con¬ 
trollability/observability  properties,  to  strip  away  the  states  corres¬ 
ponding  to  crk+|  through  on  is  equivalent  to  stripping  away  the  state 
redundancy  of  the  system.  Moreover,  it  is  equivalent  to  stripping 
away  the  uncontrollable,  unobservable  subspace.  This  is  analogous 
to  the  Kalman  decomposition  (Ref  25:20). 

Many  equations  have  been  presented.  However,  the  development 
presented  by  Moore  in  References  24  and  25  is  much  more  extensive. 

The  reader  is  encouraged  to  refer  to  the  material  for  assistance  in 
grasping  the  technique. 

Section  11  will  take  a  "step  away"  from  the  equations  and  present 
the  rationale  behind  the  development  in  a  more  clear  fashion.  Also, 
important  properties  that  this  "internally  balanced"  representation 
possess,  not  mentioned  here,  will  be  presented.  This  Appendix  was 
designed  to  help  the  interested  reader  better  understand  the  develop¬ 
ment  of  the  Moore  algorithm,  as  well  as  to  base  the  results  of  Sections 
III  and  V  upon. 
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APPENDIX  C 


USER'S  MANUAL  FOR  MIMO 
August  1979 


USER'S  MANUAL  FOR  MIMO 


This  user's  manual  was  prepared  by  2nd  Lt  James  R.  McClendon, 
USAF  in  partial  fulfillment  of  his  Masters  Thesis  at  AFIT/ENG, 
Wright- Patterson  AFB,  Ohio,  August  1979. 


hh^mmmhhhmhmhmhhhhhmmhmm  h'h  *  h 


nrim 

PIPH1N 

IIII 

PIMMPI 

NNMfl 

00000000 

nnnnn 

nMrifin 

II 

nnnnn 

rninmi 

00 

00 

nnnnnK 

nmnimt 

II 

mtfinminnr.nnn 

00 

00 

M  P!  PI  Fi  N 11 N  PHI  N  M  fl 

II 

nnm-mnroinnn 

00 

00 

nnnnn 

PlPJPiPIPl 

II 

rniMfiM 

mhpirm 

00 

00 

PI  PIMM 

mill  it 

II 

piniiii 

rnihn 

00 

00 

HPiPiPI 

nnnn 

II 

rnimi 

nmm 

00 

00 

PHI  PIN 

Mpjnw 

II 

rnii-in 

mmpipi 

00 

00 

Mpjpin 

MMHPl 

IIII 

mumpi 

nrinn 

00000000 

AN  INTERACTIVE  COMPUTER  PROGRAM  CONTAINING 
SEVERAL  OPTIONS  USEFUL  IN  CHANGING  STATE  VARIABLE 
COORDINATE  SYSTEMS  AND  PROVIDING  REDUCED  ORDER 
MODELS. 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 
AUGUST  1979 


xxtttxxxxxxzxzzxzxzxxxxxxxzxxxzxxxzxxzzxxzzzxzzxzzzt 


OVERVIEW  OF  MIMO 


MIMO  is  designed  as  a  tool  for  the  user  interested  in 
model  order  reduction  and  singular  value  analysis  of  multi- 
variable,  linear,  time-invariant  systems. 

MIMO  offers  a  model  order  reduction  algorithm  that  is 
highly  accurate  for  both  impulse  and  step  response  applica¬ 
tions  . 

MIMO  provides  options  to  obtain  the  singular  values  and 
the  closely  related  condition  number  with  respect  to  inver¬ 
sion. 

MIMO  plots  as  well  as  lists  the  frequency  response  for 
a  user  specified  reduced  order  model. 

MIMO  also  obtains  special  coordinate  systems.  These 
coordinate  systems  include*  the  output  normal  system(states 
ordered  with  respect  to  observability),  the  output  predic¬ 
tive  system(where  the  observability  matrix  is  the  identity 
matrix),  and  the  internally  balanced  system(which  the  model 
order  reduction  technique  is  based  upon). 

MIMO  should  result  in  a  substantial  time  savings  to  the 
user  interested  in  a  reduced  order  model  for  his  particular 
system,  or  interested  in  investigating  the  relative  importance 
of  states  as  they  effect  input/output  properties  of  the  sys¬ 
tem.  This  qualitative  analysis  of  the  states  is  based  heav¬ 
ily  upon  concepts  of  singular  value  analysis(Ref  13*36). 

This  user's  manual  underlines  everything  the  user  should 
type  in.  (Some  inputs  are  circled  instead  instead  for  clarity) 


MIMO  PRELIMINARIES 


TO  ACCESS  MI MO 
TYPE i  ATTACH  MIMO,  ID=AFIT 
MIMO 

The  previous  two  lines  will  attach  the  permanent  file  MIMO. 
The  program  will  begin  execution  with  the  typing  of  the  word 
MIMO. 

PREPARATION 

The  user  should  prepare  himself  with  the  proper  input  be¬ 
fore  a  session  is  started.  If  the  user  desires  to  use  MIMO 
for  any  state-space  related  options,  he  needs  the  input 
(A, B,C)  system  at  his  disposal.  The  user  will  require  this 
(A.B.C)  for  any  state  coordinate  system  option.  MIMO  does 
not  require  the  D  matrix  if  one  exists  for  its  work. 

The  user  may  obtain  singular  values,  singular  vectors, 
and  estimate  the  condition  number  with  respect  to  inversion 
without  inputting  the  (A,B,C)  system  through  Option  2  first. 

MIMO  has  various  options  to  offer  which  are  listed  and 
described  in  detail  in  the  next  section.  Most  options  explain 
themselves.  They  all  ask  for  the  desired  inputs.  However,  if 
at  any  time  should  a  question  arise,  referral  to  this  user*s 
manual  should  answer  it. 
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DESCRIPTION  OF  OPTIONS 


OPTION  0 


List  all  options 


TYPE  '0'<ZERO>  FDR  ft  LIST  DF  OPTIONS 
TYPE  OPTION  NUMBER  >§) 


SIXTEEN  OPT 
OPTION  0 i 
OPTION  1! 
OPTION  £.* 
OPTION  3 i 


OPTION  4 i 


OPTION  5: 


OPTION  *: 
OPT I DM  ?s 

OPTION  8i 


OPTION  9: 
OPTION  10* 
OPTION  11 : 
OPTION  12: 
DPT  I ON  13i 

OPTION  14: 
OPTION  15: 


IONS  ftRE  NOW  PROVIDED 
LIST  OPTIONS 
STOP 

OBT  A I  N  THE  BALANCED  (A ' >  B '  t C ' >  «  6 1 VEN  <fl , B , C> 
OBTAIN  THE  DISCRETE  TIME  F  AND  G  MATRICES 
AND  THE  CORRESPOND I NG  DISCRETE  TIME 
CONTROLLABI L I TY» OBSERVABIL I TY  AND 
HANKEL  MATRICES 

PLOT  SINGULAR  VALUES  OF  DISCRETE 
CONTROLLABILITY!.  OBSERVABILITY-.  AND 
HANKEL  MATRICES  VS.  SAMPLE  TIME 
OBTAIN  THE  CONTINUOUS  TIME 
CONTROLLABI LI Y  AND  DBSERVABILTITY  • 

MATRICES 

ESTIMATE  CONDITION  NUMBER  OF  A  MATRIX 
OBTAIN  THE  SINGULAR  VALUES  FOR  ft  GIVEN 

MATRIX - NEED  NOT  BE  SQUARE 

BODE  PLOT  OF  USER  SPECIFIED  TRANSFER 
FUNCTION (BALANCED  SYSTEM>  FOR  GIVEN 
ORDER  SYSTEM 

DISPOSE  PLOTS  TO  PLOTTER 

SAVE  ALL  INFORMATION  IN  FILE  MEMOPE 

RECOVER  INFO  FROM  LOCAL  FILE — MEMDRE 

TOTAL  INTERFACE 

OBTAIN  OUTPUT  NORMAL  REP. 

OPTION  £  MUST  BE  EXECUTED  FIRST 
OBTAIN  OUTPUT-PREDICTIVE  PEP. 

OBTAIN  THE  CONTINUOUS  TIME  CONTROLLABILITY 
AND  OBSERVABILITY  GRAMM IANS  FOP  THE  INPUT 
;a*b>c>  SYSTEM.  (WARNING — THE  a  matrix  must 
HAVE  ONLY  NEGATIVE  EIGENVALUES! 2 !> 


OPTION 


Terminates  execution  of  MIMO.  Saves  all  current  infor¬ 
mation  in  local  file  MEMORE.  If  OPTION  12  has  been  executed, 
the  TOTAL  interface  local  file  MEMAUX  is  created. 

If  the  user  has  executed  a  plotting  option,  the  PLOT 
file  will  be  created. 


This  PLOT  file  will  be  empty  i£  OPTION  9  has  been  executed 
ftfter  either  of  the  plotting  options (4or8)  has  been  executed. 
This  occurs  because  of  the  peculiarities  of  the  software  re¬ 
quired  for  OPTION  9.  Therefore,  the  PLOT  file  may  be  returned. 
The  PLOT  file  will  contain  plots  if  OPTION  9  has  not  been  ex¬ 
ecuted  after  either  of  the  plotting  options(4or8)  has  been 
executed. 


OPTION  2 _ Input  (AfB,C)  and  optionally  obtain  the 

internally  balanced  representation 

(The  maximum  dimension  of  A,B,  or  C  is  10X10) 
a)  Options  2b, 3. 4, 5, 6,7,8, 9, 10, 11,12, 13.  and  14  use  the  (A.B.C) 
system  input  by  this  option.  Input  must  occur  by  rows.  The 
matrices  are  printed  out  for  verification,  and  the  oppor¬ 
tunity  to  change  mistakes  is  provided.  You  may  then  ter¬ 
minate  OPTION  2,  or  obtain  the  internally  balanced  representa¬ 
tion.  TYPE  OPTION  HUMBER 


THIS  PROGRAM  INTERNALLY  BALANCES  fill  <AjB»C> 
REPFLSEHTfiT ION  YIELDING  fi  <'fi'»B'»C'> 
REPRESENTATION. 

ENTER  ORDER  OF  PI’lfiT  Qj 

HOW  ENTER  THE  fil-lfiT  AS  FOLLOWS 

PLEASE  ENTER  THE  MATRIX  BY  ROWS 


ROW  <  1>  1 

ROW  <  £>  =-5» -£ 

1  0.  1. OOOOE+OO 

£  -5. 0000E+00  -£. 0000E+00 

DO  YOU  WISH  TO  CHANGE  ANY  ELEMENTS? 


1  =YES  >  £~NO> 
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ENTER  THE  CDLUMH  'I* IMER?  1  OH TDF  INPUTS;  UF  THE  BMOT  ;(Q 
PLEASE  ENTER  THE  MATRIX  BY  ROWS 

ROW  <  1>  =0 

ROW  <  £>.  =  ! 

1  0. 

e  i . ooooe+oo 

DO  YOU  WISH  TO  CHANGE  ANY  ELEMENTS?  < I  =YES.*  £--HO>  >© 

ENTER  THE  ROW  HI  HENS  1  OI  K;:  OK  OUTPUTS!.,  OF  THE  CHAT 
NOTE:  IF  SI  SO  SYSTEM*  CHAT  =  <.CVEC>  TRANSPOSED  !(p 

PLEASE  ENTER  THE  MATRIX  BY  ROWS 

ROW  <  1>  =  1 >  0 

1  i. 0000E+00  0. 

DO  YOU  WI  SH  TO  CHANGE  ANY  ELEMENTS?  <1=YES> £=NO>  ;>© 

b)  If  the  balancing  path  is  chosen,  you  must  then  choose 
■  • 

whether  the  balanced  system  should  better  approximate?  (l) 
the  response  to  an  impulse  input,  or  (2)  the  response  to  a 
step  input.  This  is  not  to  say  the  impulse  response  bal¬ 
anced  system  reduced  order  model  will  not  give  excellent  re¬ 
sults  to  a  step  input  or  any  other  class  of  inputs.  However, 
in  order  to  obtain  more  accurate,  lower  order  models  to  respond 
to  a  step  input,  the  system  should  be  balanced  with  respect 
to  a  step  input.  _ 

If  the  step  response  balancing  path  is  chosen,  a  D* 
matrix  will  be  created.  MIMO  asks  the  user  the  desired  or¬ 
der  of  his  reduced  order  model.  Once  entered,  MIMO  will  ob¬ 
tain  the  D*  matrix  which  should  be  added  directly  to  the 
original  D  matrix(if  one  did  not  exist — this  D’  matrix  be¬ 
comes  the  necessary  D  matrix  to  provide  good  results).  Note 
however,  this  D*  matrix  is  appropriate  only  for  the  re¬ 
duced  order  model  for  which  it  is  derived. 
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Do  not  attempt  to  add  this  D*  matrix  to  any  reduced  order  sys¬ 
tem  other  than  the  order  specified  by  the  user.  The  user 
should  try  different  combinations  of  the  impulse  and  step 
balancing  paths,  to  obtain  the  most  accurate  reduced  order 
model  for  his  desired  input. 

Reduction  of  order  is  accomplished  by  deleting  the  bot¬ 
tom  most  states  of  the  resulting  balanced  representation. 


i.e. 


balanced 


A  c 

balanced 

reduced 


1  2  3 

10 

4  5  6 
7  8  9 

^balanced*1 

11 

12 

eta 

®balancc§ 

io’ 

11 

reduced 


V&3  14  15] 


Cb=[l3  14] 
r 


The  balancing  algorithm  requires!  (l)  the  input  sys¬ 
tem  to  be  at  least  marginally  stable,  and  (2)  if  the  step 
balancing  path  is  chosen,  the  input  A  matrix  must  not  be 
singular. 

A  check  for  accu?'acy  exists  if  and  only  if  a  SISO(  single¬ 
input-single-output)  system  is  input.  This  check  consists  of 
an  absolute  value  symmetry  occuring  in  the  balanced  A  matrix. 
This  check  does  not  hold  for  Mimo (multi-input-multi-output) 
systems. 

The  user  may  print  out  the  HINp  matrix  used  in  the 
balancing  algorithm.  This  matrix's  singular  values  are 
printed  out  subsequently.  These  singular  values  are  related 
to  those  of  the  discrete-time  Hankel  matrix  via  the  following 

relation! 

lim  Or „ANK,rTe°r,  »  whore  t  is  sampling 
t-*0  njNF  time  andCfrcprcsents 

singular  values  of 
the  infinite  order  Han- 
kel  matrix 
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The  user  can  group  these  singular  values  into  "large"  and 
"small"  groups.  The  number  of  "large"  singular  values  can 
give  an  approximation  to  the  lowest  possible  reduced  order 
model  that  can  bo  attained  without  severe  loss  of  accuracy. 

The  B*  and  C'  for  output  matrices  should  be  used  for  time 
and  frequency  domain  responses.  The  B'  and  C'  matrices  order  the 


inputs  and  outputs  with  respect  to  their  12  norm.  This  indicates 


the  "influence"  of  the  inputs,  and  the  "responsiveness"  of  outputs 

PD  YOU  WISH  TD  CHUT  I  HUE  Til  UB1R1H  THE 
brlrhcep  pepresehtothih-?  ci«vus*f=iu.V'  CD 

PD  YUU  WRHT  THE  PRLRHLEP  F EPPESCH1 Hi  1  OH 
ID  BETTER  RPPF  OX  I  MM  1  F-  1 .  I MPL'L E  PETPOIPP  01 

full  up  pop  Y-:  TLii-  op  p  .sip  p  pespghm:  DP  PULL 

UPPER  SYSTEM-  PU1PP  >£  • 

PD  YDU  WISH  TL1  PPL  THE  H 1  HP  I-1HT  .  <  1  =YEX,  ,-=HD  • 

THE  HI  HP  OH TP  IK  IS 


<D 


I  -6. 155?F-02 


3.  6045E-0£ 


o  -3.  1913E-03  -3.$74£E-0£ 

FDP  HELP  1H  EST 1HHT1DH  UH  LIMIT?  OF  UPPER 
REPUCT1UH  PUSS  I PIL1TY*  THIS  I  I HbUl  HP  VHl  UP 


VECTDP  IS.  PPIHTED  OUT.  TO  UTILIZE'  GROUP  DLL 
'LRPGP  ■'  SIHfcUlRP  VRLUPS.  THIS  HUMPFP  I  -' 
‘GENERALLY  THE  SMHI LEST  UHP  CRH  FT.  PUL  E  THE  SYS1E 


EM 


WITHUUT  SIGH  IP  lfc-RUT  LOSS  UP  RCCUPHLY. 


1 

7.3S51E-0£ 

£ 

3.3S5IE-02 

THE 

fi'  MR TP I X  IS 

1 

-J.537JE-*00 

£. 0761E+00 

c 

-£. 076JE+00 

-4.4P31E-01 

THE 

B'  MRTP1X  IS 

1 

-3. $?£1E-01 

£ 

-1. 07£3E+00 

THE 

C'  MRTPIX  IS 

I 

-4.73S7E-01 

1.73I7E-0I 
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FDR  OUTPUT  THE  BMAT  IS 

1  3. 8721E-01 

2  1 . 0723E+00 

FDR  OUTPUT  THE  CHAT  IS 

1  4.7957E-01  -1.7317E-01 

EHTER  DESIRED  ORDER  DF  REDUCED  SYSTEM  >© 
THE  D'  MATRIX  IF  BALANCED  SYSTEM  IS 
REDUCED  TD  1  IS  . 

1  8. 0742E-0? 


OPTION 


.Discretize  (A,B,C)  or  (A'.B'.C*)  and  obtain  the 
F,  G,  discrete- time  controllability,  observability 
and  Hankel  matrices 


A  truncated  (50  term)  power  series  expansion  is  used  to 
obtain  the  -F  and  G  matrices  for  the  (A.B.C)  system,  or  the 
(A*tB',C')  system.  Both  systems  are  results  of  OPTION  2. 

The  (F,G,C)  matrices  are  used  to  obtain  the  discrete-time 
controllability,  observability,  and  Hankel  matrices. 

TYPE  DPT  I  Oil  HUMBER 

DD  YOU  WISH  TD  SUPPESS  THE  PRINTOUTS? <1 =YES » 2=HD> 

DO  YOU  WISH  TO  DISCRETIZE  THE  OR 1 6 INAL  < 1 >  SYSTEM 
OR  THE  BALANCED  <2>  SYSTEM*'  EHTER!  0 
ENTER  THE  SAMPLING  TIME<T>>(?) 

THE  F  MATRIX  IS 

1  7. 0745E-01  2.4043E-01 

2  -1 . 2021E+00  2.2G59E-01 

THE  G  MATRIX. IS 

1  5.851  IE-02 

2  2.4043E-01 
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THE  DISCRETE  TIME  COHTPOLLHB I L ITY 
MATRIX  IS 

I  5. 851  IE- 02  9.9199E-02 

£  £.  4043E-01  -i .  5860E-02 

THE  DISCPETE  TIME  OBSERVABILITY 
MATRIX  IS 

1  1. 0000E+00  0. 

£  ?. 0745E-0 i  2.4043E-01 

THE  DISCRETE  TIME  HAHKEL  MATRIX  IS 

1  5. 351  IE- 02  9.9199E-02 

£  9.9199E-02  6.6365E-02 

OPTION  h- _ Plot  and  optionally  list  singular  values  and 

their  ratio 

The  listing  may  be  supressed.  The  discrete-time  con¬ 
trollability,  observability,  Hankel  matrix,  or  all  three 
matrices'  singular  values  may  be  plotted  and  optionally 
listed.  The  user  may  plot  any  two (2)  singular  values  and 
their  ratio  for  each  matrix  versus  sample  time.  The  sing¬ 
ular  values  are  ordered  from  minimum  to  maximum.  (Sig(l) 
is  the  minimum  singular  value,  Sig(n)  the  maximum) 

The  user  is  asked  to  input  the  indices  of  the  singular 
values  he  wishes  to  plot.(i.e.  3*5)*  If  3 • 5  is  entered, 
singular  value  singular  value  #5*  and  the  ratio  sing¬ 
ular  value  #3/singular  value  #5  is  plotted.  The  first  indice 
entered  by  the  user  will  subsequently  be  referred  to  as  the 
"minimum"  singular  value .  Similarly,  the  second  indice  en¬ 
tered  by  the  user  will  be  referred  to  as  "maximum". 
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i  a 


USES  i  The  plot  of  the  condition  numbtv  the  Hankel  matrix 
is  a  great  aid  in  choice  of  sample  time.  The  user  should 

s 

pick  a  sample  time  that  minimizes  this  condition  number. 

(Condition  number=  Sig(max)/Sig(min) ) .  This  will  make  the 

input  (F,G,C)  system  more  robust  to  pcrtubations  in  its  ele- 

ments  if  the  sample  time  is  chosen  via  this  process. 

The  other  available  plots  give  the  user  an  idea  of  the 

degree  of  control  or  the  responsiveness  of  outputs  to  a 

given  input  that  a  particular  system  possess. 

TYPE  DPT  I  DM  HUMBER  ><3> 


'THE  CDHTROLL AB I L I  TV  BMP  OBSERVABILITY  MATRICES  EACH 
HAVE  £  IMPORTANT  SINGULAR  VALUES.  THEY  APE  ORD¬ 
ERED  FROM  MINIMUM  TO  MAXIMUM  IN  MAGNITUDE.  ENTER— 

1  TO  PLOT  CONTROLLABILITY-.  £  TO  PLOT  TO  PLDT  OBSER¬ 
VABILITY!.  5  TD  PLDT  HANKEL »  OR  4  TO  PLOT  ALL  :<3) 


YOU  MAY  PLOT  2  SINGULAR  VALUES  AND  THEIR  RATIO  VS. 
SAMPLE  T I ME .  I.E.  S 1 6 <N 1 >  >  S 1 6 < N£> « S I G <N I > /$ I G <N£> 
ENTER  THE  £  SINGULAR  VALUE  NUMBERS  IN  DESIRED  ORDER 
FDR  RATIO  PLOT — BIG  <1. D. 1> -  S IG  < I . D . £>  —  Cl . E.  ENTER 
£»5— WILL  PLOT  SINGULAR  VALUES  «£»  AND  «*5  AND  tt£/«5: 


ENTER  :{?)£) 

THE  1ST  I.D.  WILL  BE  REFEFFED  TD  AS  MIN»  2ND — MAX 
W  YOU  WISH  TD  SUPRESS  THE  PRINTOUT?  Cl  =YES>  £=NO>  (c> 


.1 


NOTE  .'THE  FOLLOWING  TITLE  BLOCKS  APE  PROVIDED  FOP  YOUR 
CONVENIENCE.  THE  PLOTS  ARE  ALREADY  WELL-LABELED  AS  TD 
WHICH  ONES  THEY  ARE.  THE  TITLE  BLOCKS  MAY  BE  USED  FDR 
USER  DEFINED  LABELS— SUCH  AS  FIGURE  NUMBERS  ETC. 

PLDT  DF  THE  MAXIMUM  SING.  VAL.  OF  HANKEL  MAT. 

>  < - ENTER  TITLE  ‘50  CHARACTERS  MAX'. - >  < 

jfTGURr  I — loJJJ T  Ml  IH  •  T ! li~ 1 . 1  A P  '..'Hi  1 OF  PAIOR.  MAT 

FIGURE  1  MINIMUM  SINGULAR  VALUE  OF  HANKEL  MAT 
PLDT  DF  THE  MINIMUM  SING.  VAL.  OF  HANKEL  MAT. 

>  < - ENTER  TITLE  '50  CHARACTERS  MAX.' - >  < 

>figure  2  maximum  :ingi'Iap  valnf  n  maj 

FIGURE  2  MAXIMUM  SINGULAR  VALUE  OF  HANKEL  MAT 
PLDT  DF  THE  CONDITION  HUMBER  OF  HANKEL  MAT. 

>  < - ENTER  TITLE  -50  CHARACTERS  MAX> - >  < 

>FIGUPE  ?  RATIO  OF  ~ IG1.SIG2 

T7GURE  3  RATIO  OF  SIG1-S1G2 

NOTE?  THE  CALCULATION  DELTA  FOR  THIS  ALGORITHM 
IS  THE  1HITIAL  TIME.  THEFEFDFE  THE  IHITIAL  time  MUST 
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"fcE  LESS  THAH  DUE .  THE  FIHPiL  TIME  MUST  EE  WITH  HI¬ 
SS  STEPS  DF  THE  INITIAL  TIME  .  . 

PLEASE  EHTER  THE  BEGINNING  SAMPLING  TIME 
AND  THE  FINAL  SAMPLING  TIME 

THE  SINGULAR  VALUES  OF  THE  HANKEL  HAT.  FDR  TIME  .1  ARE  > 

1  B.?99 0E-03 

.  £  .£.605 IE- OC 

OPTION  5 _ Obtain  the  continuous  time  controllability  and 

observability,  matrices 


Obtains  the  continuous  time  controllability  and  observa 
bility  matrices  for  (A,B,C)  system  input  by  OPTION  2. 

OPTION  6 _ Estimate  condition  number  of  a  matrix 


This  'option  uses  a  package  of  highly  efficient  LINPACK 
(SIAM  Publishing  Co.)  subroutines  to  estimate  the  condition 
number  of  a  matrix.  This  option  does  not  require  relatively 
expensive  singular  value  decompositions.  It  is  useful  when 
the  condition  number's  estimated  magnitude  is  desired.  Sev¬ 
eral  options  exist.  The  user  can  obtain  the  estimate  for 
A(original),  A' (balanced,  F(must  be  created  by  OPTION  3  first), 
or  the  Hjj^p  matrix,  a  matrix  input  at  this  time,  or  the  dis¬ 
crete-time  Hankel  matrix(must  be  created  by  OPTION  3  first). 
Warning — except  for  the  Hankel  matrix,  all  matrices  must  be 
square! 

TYPE  DPTlCH  HUMBER  <D 

THIS  DPT  I DM  ESTIMATES  THE  CONDITION  NUMFEP  DF  A 
SCJURRE  MATRIX.  EHTER  THE  HUMFEP  CORRESPONDING 
TO  THE  ICS  I  PEP  IIIPUT  MRTRIX 


1 - RMRT  <DPIGIHRL> 

g - AMRT  <BRLRHCED> 

3  - : - -F 

4  - EHTER  YOUR  OWN 

5  - matrix  TD  HELP  EVRLURTE  ORDER  PEPUCTIDM 

6  - --HAIUEL  MRT.tMUST  BE  CPERTEP  BY  CPT.  3> 

EHTER  (T) 


THE  ESTIMATED  CONDITION  HUMBER  IS  RCDND=  6. £5 
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The  user  can  again  specify  the  same  matrices  as  above  in 


OPTION  6,  except  for  the  Hj^p  matrix.  This  option  does  not 

require  the  matrices  to  be  square.  The  user  may  print  out  the 

* 

left  singular  vectors,  the  right  singular  vectors,  both,  and  the 

singular  values. 

TYPE  OPT  I OH  HUMBER  :© 

■THIS  OPT  1  OH  OBTAINS  THE  SINGULAR  VALUES  OF.  A  _GIVEN  _ 

MATRIX — HEED  HOT  EE  SQUARE. 

ENTER  DESIRED  CORRESPONDING  NUMBER 
1 - AMAT  (ORIGINAL!-* 

£ - amat  (balanced:* 

3- - F 

4  - ENTER  YOUR  OWN 

5  - DISCRETE  HANKEL  MATRIX 

ENTER  >CD 

DO  YOU  WISH  TO  PRINT  OUT  THE 
SINGULAR  VECTORS  AS  WELL? 

1=ND»  £=LEFT  S.V.»  3=RIGHT  S.V. j  4=BDTH 
ENTER  !<3> 

THE  LEFT  SINGULAR 
VECTORS  ARE 

1  -7. 08S9E-02  -9.9748E-C1 

2  9.9748E-01  -7. 08S9E-02 


THE  RIGHT  SINGULAR 
VECTORS  ARE 


1  -9. 23S8E-01 


3. 82GSE-G1 


£  -3. ©268E-01  -9.23S8E-01 

THE  NON-ZERO  SINGULAR  VALUES  ARE 


1 


5.3983E+00 
a.  pap  if- ill 


OPTION  8 _ Frequency  response  for  given  order  balanced 

system 

This  option  uses  the  modal  description  of  a  system  to  cal 
culate  the  frequency  response  of  a  given  order  balanced  sys¬ 
tem.  The  magnitude (DB)  and  phase (DEG)  plots  will  be  crea¬ 
ted.  Optionally,  a  listing  of  100  points  can  be  obtained 
starting  with  a  user  specified  frequency (RAD/SEC). 


anm  iun  .-v** 

■8  FDR  .  01  ETC  :(~0 
F.ANSFER  FUNCTION 


TYPE  urilUH  HUMBER  '© 

FREQUENCY  RESPONSE  FOR  BALANCED  SYSTEM 

THE  BALANCED  ft  MATRIX  MUST  BE  CREATED  BY  DPTIDH 
g  BEFORE  THIS  OPT I Oh  CftH  BE  EXECUTED!!! 

THIS  OPTION  PLOTS  THE  FREQUENCY  RESPONSE  TO  ft 
GIVEN  ORDER  SYSTEM.  ENTER  DESIRED  DPDER  XD 
SYSTEM  HftS  1  INPUTS  ftND  1  OUTPUTS. 

SELECT  DESIRED  INPUT-OUTPUT  CDMBINftTION  XJ » 

PLEfiSE  ENTER  WKIN»  -3  FOR  . 001  j-i 
l  -  1  INPUT-OUTPUT  COMBINATION  TP 
FREQUENCY  RESPONSE  PLOT  FOR  I  ORDER  SYSTEM 

magnitude  plot 

>  < - ENTER  TITLE  <50  CHARACTERS  MAX> - > 

1 £34488788 

PHftSE  PLOT  <DEG> 

>  < - ENTER 

•>BW*S:F  PI  OT 

PHASE  PLOT 

DO  YOU  WISH  TO  SUPRESS  THE  LISTING  <  I  =YES>  2=N0.^ 

W  '  MAG  <DB>  ANGLE  <DEG> 

.  10E+00  -.1G80E+08  -.I841E+03 

.20  - . I G88E+ 08  - . 1 88 1 E+  03 

.30  1G87E+08  -.1980E+03 


TITLE  <50  CHARACTERS  MAX> - >  < 


OPTION  9  Dispose  plots  to  A  FIT  plotter 

This  option  requests  a  queue  device  for  the  plot  file, 
closes  it,  and  routes  all  accumulated  plots  to  the  AFIT 
plotter  under  your  2  letter  user  I. D. (when  you  login-the 
user  I.D.  assigned  to  you — can  be  obtained  by  typing  "assets”). 
The  plot  file  is  then  reopened.  This  option  allows  the  user 
to  route  plots  without  ceasing  execution  of  MIMO.  The  plot 
file  must  not  exist  if  this  program  is  reexecuted.  If  this 
option  is  not  usedr  the  standard  operations  with  the  plot 
file  may  be  performed  once  execution  of  MIMO  is  terminated. 

*See  discussion  on  plot  file  options  after  this  listing  sec¬ 
tion. 


This  option  updates  the  local  file  MEMORE  with  current, 
pertinent  information,  but  does  not  cause  termination  of  the 
programfthis  is  automatically  executed  when  OPTION  1  is  chosen). 
OPTION  11  Recover  information  from  file  MEMORE 

This  option  recovers  pertinent  information  from  local 
file  MEMORE  created  by  OPTION  1  or  OPTION  10.  This  option 
coupled  with  option  10  allows  the  user  to  cease  execution  of 
MIMO  to  do  other  things  and  come  back  and  recover  to  his 
original  point. 

OPTION  12  TOTAL  interface 


This  option  interfaces  MIMO  to  TOTAL.  This  saves  the 
user  from  typing  in  large  matrices  into  TOTAL  to  obtain 
responses.  The  option  explains  itself.  The  following  list 
is  the  key  to  the  interface: 


MIMO  TOTAL 

AMAT( original)  UMAT 

BMAT( original)  VMAT 

CMAT( original)  WMAT 

AMAT( balanced)  XMAT 

BMAT (balanced-output)  YMAT 

CMAT(balanced-output)  ZMAT 


These  matrices  are  stored  in  a  file  called  MEMAUX.  This  file 
ia  created  by  this  option  and  will  exist  at  termination  of 
this  program.  This  option  (12)  should  be  executed  after  the 
balanced  system  is  obtained  for  options  13  and  14  will  over¬ 
write  the  original  balanced  system.  The  user  should  note  that 
TOTAL  will  not  alter  MIMO  in  any  way.  In  other  words  the  inter¬ 
face  is  one-way.  No  TOTAL  obtained  matrices  may  be  interfaced 
back  into  MIMO. 
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lYKfc  OPT!  Dir  HUMBER  :<T£) 


<fi,B*C>  AND  HAVE  BEEH  STORED  1H  SUCH  A  WHY 

THAT  TOTAL  CAN  DIRECT LY  ACCESS  THEM. 

THROUGH  USE  OF  THE  COPY  COMMAND  UHDER  TOTAL  FULL  FLEXI¬ 
BILITY  IS  EXERCISED.  THE  FOLLOW I HG  LIST  IS  THE  KEY 


MI  HO 

A  ORIGINAL 
B  ORIGINAL 
C  ORIGINAL 
A  BALANCED 
B  BALANCED-OUTPUT 
C  BALANCED-OUTPUT 


STORED  IN  TOTAL 
UMAT 
VHAT 
WHAT 
XMAT 
.  YMAT 
ZHAT 


USING  TOTAL'S  OPTIDH  £5  THE  TRANSFER  FUNCTION  HAY  BE 
OBTAINED.  WHEN  HIHO  IS  TERMINATED  THE  ABOVE  INFORMATION 
IS  STORED' IN  MASS  STORAGE  FORMAT  OH  THE  LIKEWISE  TOTAL 

MAMED  FILE - MEMAUX - THIS  FILE  MUST  EXIST  PR I  DR  TO 

TRYING  TO  INTERFACE  WITH  TOTAL ! I  I i H ! » 

THE  FOLLOW  I HG  PROCEDURE  SHOULD  BE  UTILIZED. 

FIRST  COPY  <UMAT  *  VHAT «  WMAT>  OR  <XMAT > YMAT *  ZMAT>  INTO 
<AMAT»BMAT«CMAT>.  THEN  TYPE  OPTION  IS  IN  TDTAL. 

WHEN  ASKED  FOP  THE  NUMBER  OF  STATES— ENTER  THE  FULL 
HUMBER  IF  USING  THE  ORIGINAL  SYSTEM.  ENTER  THE  DESIRED 
.ORDER  IF  USING  THE  BALANCE  SYSTEM.  THEN  FOR  EACH 
ELEMENT *  TYPE  A  ♦  CASTER  I  K>  WHICH  MEANS  TDTAL  WILL  KEEP 
THAT  LOCATION  THE  SAME.  THEN  ENTER  HO  FOR  THE  DMAT  AND 
Kll AT  IF  APPROPRIATE.  THEN  OPTIDH  £5  CAN  BE  EXECUTED. 

*****EXAMPLE  of  interface  with  total  and  the  use  of  total*** 

TYPE  OPTION  NUMBER  :<T> 

ALL  DATA  UPDATED  IN  LOCAL  FILE  HEHDRE 

STDP  END' OF  EXECUTION— ALL  PLOT  <S> 

IH  FILE  PLOT 

.5S?  CP  SECONDS  EXECUTION  TIME 
FILE  QUDTA  EXCEEDED 
. . RETURN*  LGO*  HEHDRE*  PLOT 

WELCOME  TO  TOTAL— VERS  ION  1.4 

TYPE  HELP  FOR  1HTPO*  TYPE  99  FOR  NEW  FEATURES  BULLETIN 


OPTION  >  - UMAT* VHAT- WHAT  *  XMAT *  YMAT >  ZHAT 


COL  >  i 

£ 

3 

ROW 

1  0. 

1.000 

0. 

2  0. 

0. 

1.000 

3  -1.000 

-£. 000 

-£. 000 

COL 

>  l 

£ 

RC> 

1 

1.000 

0. 

£ 

0. 

1. 000 

3 

a.  ooo 

3.500 

c-13 

3 


COL  >  1 

ROW 

i  1.000 


£ 

£.500  1.000 


COL 

>  1 

.£ 

ROW 

1 

-. 1 195 

1735 

£ 

-. 149£ 

-1.171 

3 

.9315 

.  3384 

3 

-.9££0 
- . 3£9  0 
-.  7098 


COL  >  1  £ 

ROW 

1  .  1584  .8306 

2  .  . 4 1 £8  .4856 

3  1.217  £.514 


COL  >  1  2 

ROW 

1  — . S456  -.6450 


3 

£.783 


OPT  1  OH  >  COPY*  UI1RT-  AHA7  .  COPY-  V'HAT »  DHAT.  COPY.  WHAT- CHAT 
COPY  COHPLETE 
COPY  COHPLETE 
COPY  COHPLETE 

OPTION  >  (£?)  „ 

IS  THE  SYSTEM  <i>  CONTINUOUS  OR  <£!•«  DISCRETE?  >  \V) 

THE  EQUATIONS  YOU  ARE  ABOUT  TO  INPUT  HAVE  THE  FORMS 

XDOTv'T!.'  =  C  AH  AT  1X<T.>  +  E  BHAT  JU<T> 

Y <T>  -  E  CHAT  3X<T>  +  E  DHAT  3U <T> 

WHERE  U<T>  =  GAIN*  <  R  <T>  -  E  KMAT  3X<T>  > 

A HD  X  IS  A  VECTOR  OF  N  STATE  VARIABLES 

U  IS  A  VECTOR  OF  N  INPUTS 

Y  IS  A  VECTOR  OF  L  OUTPUTS 

ENTER  NO.  OF  STATES « INPUTS  *  OUTPUTS  >  £« 1 

ENTER  AHAT  WITH  3  ROWS  AND  3  COLUMNS. 
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I  M 


ENTER 
ROW  1 

3 

> 

ELEMENTS 
♦ «  ♦  .  ♦ 

PER  ROW* 

ROW  £ 
ROW  3 

> 

> 

COL 

ROW 

'} 

1 

2 

3 

1 

0. 

1.000 

0. 

2 

0. 

0.* 

1. 000 

3 

- 

-1. 000 

-2. 000 

-2. 000 

ENTER  FMAT  WITH 

3  ROWS  PHD  £  COLUMNS. 

ENTER  3  ELEMENTS 

PER  COLUMN* 

COLUMN  1  >  ♦ 

COLUMN  £  > 

COL. >  1 

2 

ROW 

1  1 . 000 

0. 

2  0. 

1.000 

3  2. 000 

3.500 

ENTER 

CMPT  WITH 

1  ROWS  AND 

3  COLUMNS. 

ENTER* 

3  ELEMENTS 

PER  ROW* 

ROW  1 

’>  ♦ .  ♦ «  ♦ 

COL 

>  1 

2 

3 

ROW 

1 

1.000 

2.500 

1 . 000 

IS  THERE  A  DIRECT-TRANSMISSION  <D  MATRIX>— YES  DR  HQ? 
DMAT  SET  TD  i  FY  £  ZERC  MATRIX  (OPTION  78> 

IS  THERE  A  STATE-VARIABLE  FEEDBACK  MATRIX-YES  DR  HD? 
KMAT  HAS  FEEH  SET  TO  £  FY  3  ZERO  MATRIX 
THE  STATE-SPACE  REPRESENTATION  IS  COMPLETE. 


OPT  I  DM  >  (£§> 

SYSTEM  HflSi  IHPUT<S>  AMD  I  OUTPUT <S> . 

SELECT  WHICH  TRANSFER  FUHCTIOH  IS  DESIRED* 
ENTER  WHICH  INPUT*  WHICH  OUTPUT  >  (TTp 
6TF<S>  AMD  HTF  <S>  CALCULATED  FRDM  STATE-SPACE 
TYPE*  GTF  OR  HTF  FOR  RESULTS 
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FORWARD-LOOP  TRANSFER  FUHCTIDH 


DPT  1  OH  >  GTFyHTF 


GK=  <  GNK-'GDK  >=  3.000 


GTF <S>  NUMERATOR 


I 

6HPDLY  <I> 

G2ERD  <I> 

1 

< 

3.  000  2 

< 

-.2929  >  +  J<  0. 

* 

2 

< 

6.000  >  1 

< 

-1.707  >  +  J<  0. 

> 

3 

< 

1.500  > 

6NK=  3.  000 

GTF  <S> 

DENOMINATOR 

I 

GDPOLY  <I> 

GPOLE  <I> 

1 

< 

1.000  >  £♦♦  3 

< 

— . 5  0  0  0  >  +  J <  . 366  0 

j 

2 

< 

2.000  >  2 

< 

-.5000  >  +  J<  -.8660 

j 

3 

< 

2.000  1 

< 

-1.000  >  +  J<  0. 

> 

4 

< 

1.000  > 

GDK=  1.000 

FEEDBACK-LOOP  TRANSFER  FUHCTIDH 


I 

1 


1 
1 

2 
3 


HK=  <  HHK/HDK  >=  0. 

HTF <S>  NUMERATOR 

HHPOL Y  <  I  >  H2ERO  <1> 

<  0.  >  HNK=  0. 

HTF  <S>  DENOMINATOR 

HDPOLY  <I>  HPDLE  <I> 

<  3.000  >S**  2  <  -.2929  >  +  _K  0. 

<  ‘  6.  000  1  <  -1.707  >  +  J<  0. 

<  1.500  '>  HDK=  3.000 


> 

> 


OPTION  >  COPY.  iVrF.ni  TF 
COPY  COMPLETE 


OPTION  >  Cl  n-FTt.PRP. 
OPEN-LOOP  MODE  SET 


TYPES  OF  INPUT:  <V>  IMPULSE?  <£>  STEP?  <3>  RAMP? 
<4>  PULSE?  -;5>  SINE.  .  .SELECT  HUE 
ENTER  STEP  INPUT  MAGNITUDE  (7T) 


OPTION  >  34 

CONTINUOUS  TIME  RESPONSE  FDR  DLTF  <S> 

WITH  STEP  INPUT  OF  STRENGTH  =  .1 

ENTER  INITIAL  TIME?  FINAL  TIME  >  0? 1 0 

>  t - ENTER  TITLE  *50  CHARACTERS  MAX!* - 1  < 

>  TIME  RESPONSE  OF  3R?  CP PEP  ORIGINAL  IVSTEM 

T  IME  RESFCiM.L  Lr  Lr  £  tr  L  r  i  G I  i •  Hl  Z  \  .  7 1 ft 
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••••••EXAMPLE  OF  RKDHOTNG  THE  ORDER  OF..THE  .BALANCED  STSTEM»*« 

OPT  1 QH  >  -COPY  •  XMAT  >  AH AT. COPY?  YHAT >  ?:|-1RT .  COPY’  SKAT «  CHAT 
COPY  COMPLETE 
COPY  COMPLETE 
COPY  COMPLETE 


OPT  I  OH  >  (Ti) 

IS  THE  SYSTEM  d>  COHTIHUOUS  OF.  <£>  DISCRETE?  > 


THE  EGUAT I OHS  YOU  ARE  ABOUT  TO  INPUT  HAVE  THE  FORM: 


XDQT  <T>  =  C  AM  AT  3X<T>  +  t  BMAT  3U<T> 

Y  <T>  =  C  CHAT  3  X  <T>  +  C  BMAT  3  U  <T> 

WHERE  U  <T>  =  GAIN«-<  ROD  -  C  KM  AT  3X<T>  > 

AND  X  IS  A  VECTOR  OF  H  STATE  VARIABLES 
U  IS  A  VECTOR  OF  M  INPUTS 

Y  IS  A  VECTOR  OF  L  OUTPUTS 

ENTER  NO.  OF  STATES » INPUTS? OUTPUTS  >  £>£. 1 

ENTER  AMAT  WITH  £  ROWS  AND  £  COLUMNS. - -  ’ 

ENTER  £  ELEMENTS  PER  ROW: 

ROW  1  > 

ROW  £  > 

COL  >  I  a 

ROW 

1  -..1195  - .  1  735 

£  -.I49£  -1.171 


ENTER  BMAT  WITH  £  ROWS  AND  £  COLUMNS. 

ENTER  £  ELEMENTS  PER  ROW: 

ROW  1  j-  —±-f  ♦ 

ROW  £  >>j».  ♦ 

COL  >  1  £ 

ROW 

1.  .1534  .3303 

£  . 4 1 £8  .4953 


ENTER 

ENTER 
ROW  1 

COL 

RDW 

1 


CHAT  WITH  1  ROWS  AND 

£  ELEMENTS  PER  ROW: 

> 

>  1  £ 


COLUMNS. 


3453 


-.3450 
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DPT I OH  > 

SYSTEM  HAS  £  INPUT  CS>  RHD  1  OUTPUT <S>. 

SELECT  WHICH  TPhNSFER  FUHCTIDH  IS  DESIRED: 
ENTER  WHICH  INPUT?  WHICH  OUTPUT  >  1*1 

GTF  <S>  AND  HTF  <S>  CALCULATED.  FROM  STATE-SPACE 
TYPE:  GTF  DR  HTF  FDR  RESULTS 


IS  THERE  A  D 1 RECT-TR AHSM I SS I  DM  <D  MATRIX!* — YES  DR  HOY  >  CM 
JlMAT  SET  TD  1  BY  £  ZEPD  MATRIX  (DPT ION  ?8> 

IS  THERE  A  STATE-VARIABLE  FEEDBACK  MATRIX— YES  DR  ND?  >  (HD 
KMAT  HAS  BEEN  SET  TD  £  BY  £  ZERD  MATRIX 
THE  STATE- SPACE  REPRESENTATION  IS  COMPLETE. 


OPTIDH  >  GTF 


FORWARD-LOOP  TRANSFER  FUHCTIDH 


1 
1 

2 


I 

1 

£ 

3 


GK=  <  GNKSGDK  >=  -.4002 

GTF  <S>  NUMERATOR 


GNPDLY  <I> 

-.4002  '}  £♦♦  1 

-.1128  > 


6ZERD<I> 

<  -.2819  >  +  J<  0. 

6NK=  -.4002 


GTF  (S>  DENOMINATOR 

GDF’DLY  < I >  GPDLE  <I> 

1.000  >$♦♦  2  <  -.  9545E-01 >  +  J(  0. 

1.290  >$♦♦  1  <  -1.195  >  +  JC  0. 

.1140  >  6DK=  1.000 


DPT  I DN  >  STOP 

LDCAL  FILE— PLOT— CONTAINS  CALCDMP  PLOT  <S> 

ALL  INFO  IN  TOTAL  HAS  BEEN  SAVED  IN  LDCAL  FILE— MEMORY. 
STDP 

1.408  CP  SECONDS  EXECUTION  TIME 
FILE  QUOTA  EXCEEDED 
..FILES 

—LOCAL  FILES— 

$ INPUT  TOUT PUT  MIND  ♦PERM  $ INPUT 

SDUTPUT  ♦JIMLIB  ♦IMSL  ♦TOTAL  MEMAUX 
PLOT  MEMORY 

pt*  c  r.iun-'i  FvrrFTiFD 


r.  _i  a 


* 


OPTION  13 _ Output  normal  stats  coordinate  system 


This  option  uses  the  (A'jB'.C')  system  obtained  from 
Option  2  to  result  in  a  new  (A*,B*,C#)  system  which  is  bal 
anced  with  respect  to  observability  conditions  only. 


i THE  OPTION  HUMBER  <£*) 

THIS  OPTION  FINDS  THE  OUTPUT-NORMAL  PEP. 

IT  ALSO  FINDS  THE  CORRESPONDING  •;F.G<.C>  SYSTEM 
fiT  THE  USER'S  DPTION-THE  OBS.  MAT.  MAY  BE  FORMED. 
THE  HERR  MATRIX  IS 

1  -1.4  0S2E+ 00  1 . 3232E+ 0  0 

2  -3. 14330+00  -5. 91 75E-01 

THE  BEAR  HRTRIX  IS 


1  -1 . 3460E+00 

2  0. 

THE  CBAR  MATRIX  IS 

1  3. 714GE+00  4. 3 15 IE+00 

PLEASE  ENTER  THE  SAMPLING  TIME  .( 
THE  F  MATRIX  IS 

1  5. 2604E-01  2.7674L-01 

£  -G.5SG0E-01  G.9GS1E-01 

THE  6  MATRIX  IS 

1  -3. 1 01  IE— 01 


£  1.521 0E-01 

DO  YOU  WISH  TO  OBTAIN  THE  DISCRETE  OBS. 


MAT fl -YES ?£ 


=ho>  :(D 


OPTION  14  Output  predictive  state  coordinate  system 

This  option  creates  an  (A*,B*,C*)  system  such  that  the 
resulting  observability  matrix  is  indeed  the  identity  matrix 
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TYPE  DPT  I  DU  NUMBER  ;<££> 

THIS  OPTION  FINDS  THE  OUTPUT  PREDICTIVE  REP. 

ENTER  SAMPLING  TIME  >.34. 

THE  F'  MATRIX  IS 

1  4. 8453E-01  3. 7G59E-01 

2  3.7859E-01  S.9270E-01 

THE  G'  MATRIX  IS 

1  4.4554E-02 

£  3.4££?E-0£ 

THE  C'  MATRIX  IS 

1  6. £34  IE- 01  4, 8453E-01 

TYPE  OPTION  NUMBER  (I) 

For  more  information  on  this  system  the  user  should  refer  to 
Major  J.  Gary  Reid's  EE  5.10  class  notes. 


OPTION  1 5 _ Obtain  the  controllability  and  observability 

Krammians 

This  option  obtains  the  controllability  and  observa¬ 
bility  grammians  for  the  (A,B,C)  sytem  input  in  OPTION  2. 

WARNING - The  A  matrix  must  p,o*\talp  only  negative  eigen- 

.  TYPE  OFT  I  ON  NUMBER  ><H>> 

values. 

THE  CONTROLLABILITY  GRAMM I AN  IS 
1  4.9999E-03  8. 9574E- 1* 

£  G.9574E-16  8.5000E-01 

THE  OBSERVABILITY  GRAMM I  AN  IS 
1  4. 4999E-01  9.9998E-02 


g  9.9998E-02 


4  QCl-5|C||r_,-|? 


PLOT  FILE  OPTIONS 


A.  OPTION  9  (this  program) 

1)  Execute  MIMO - create  plots 

2)  Use  OPTION  9 - automatically  routes  plots  to  the 

AF1T  terminal  under  your  2  letter  user  I.D.  (see 
explanation  of  OPTION  9)* 

B.  Standard  Route  (use  if  after  C.,  or  if  desired  route 

to  other  building  besides  AFIT  (building  640 — BB)) 

1)  Execute  MIMO- --create  plots 

2)  Terminate  MIMO  (OPTION  1)  without  executing  OPTION 
9  for  the  plots  to  be  routed 

3)  Type:  Route  Plot,  TID=BB,  ST=CSB,  DC=PT  (v/herd  BB 
could  be  any  other  terminal  I.D.) 


C.  To  use  CCPREV  to  preview  plots  (7JARNING — user  must  be  at 

a  TEKTRONICS  terminal) 

1)  Execute  MIMO - create  plots 

2)  Terminate  MIMO  without  executing  OPTION  9  Pot'  the 
plots  to  be  previewed 

3)  Type  i  ATTACH  CCPREV.  1V>=AF1T 

CCPREV,  PLOT 

WINDOW, 0, 0, 50, 50 ,N,R,E,P, 999 

4)  Plots  will  be  small.  However,  if  all  plots  are  not 
on  screen  use  the  MOVE  command,  i.e.  Type: 

MOVE,delta-x, delta-y 

where  delta-x,  and  delta-y  are  in  screen  inches.  For 
example,  to  move  the  entire  string  of  plots  to  the 
left  2  screen  inches,  and  up  3  screen  inches,  Type? 
MOVE, -2, 3. 

5)  Then  Type: 

R,E,P,999 

This  will  replot  the  string  of  plots.  Repeat  steps 
4  and  5  until  plot  string  is  on  the  screen  (if  impos¬ 
sible  refer  to  CCPREV  users  manual). 

6)  Type: 

SAVE, 1 

7)  Type: 

CR 

This  will  display  a  vertical,  and  a  horizontal  line 
on  the  screen.  Using  the  white  rotating  dials  lo¬ 
cated  on  the  terminal,  the  lines  should  be  moved  to 
the  bottom  left  hand  corner  of  the  plot  to  be  pre- 
•  viewed.  Type  any  letter  on  the  keyboard  (if  the  user 

is  on  the  1200  Baud  4014  terminal  you  must  also  type 
a  carriage  return!).  The  lines  will  momentarily  dis¬ 
appear,  and  then  reappear.  Move  the  lines  to  the  up- 


fines  a  now  window. 
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8)  Type* 

N,R,E, P,999 

This  will  display  the  delineated  plot  over  the 
entire  screen. 

9)  After  examination  of  this  plot,  and  if  another 
of  the  plot  string  is  to  be  previewed,  Type* 

USE,  1 

10)  Now,  repeat  steps  7-9  for  a  different  plot. 

11)  When  you  are  finished,  Type* 

END 

12)  You  may  then  return  the  plot  file,  or  execute 
sequences  B  or  E. 

To  catalog  the  plot  file  as  a  permanent  file 

1)  Execute  MIMO 

2)  Terminate  MI MO  without  executing  OPTION  9  for 
the  string  of  plots  desired  to  be  stored. 

3)  Types 

REQUEST, NAME, *PF 

(where  NAME  is  any  character  string  but 

"plot"  or  a  current  local  file  name) 

4)  Type i 

COPY, PLOT, NAME 

CATALOG , NAME, PLOTFIL 

(where  "plotfil"  is  any  name  you  desire) 

5)  This  is  useful  is  you  are  not  on  a  TEKTRONICS 
terminal  at  the  time  of  execution  of  MIMO,  and 
later  desii'e  to  preview  those  plots  with  CCPREV. 
(if  that  is  the  case — you  merely  attach  "procfil" 
as  a  local  file  later  and  then  Type* 

CCPREV, XXXXX 

(whereXXXXXis  the  local  file  name  you  at¬ 
tached  "procfil"under) 
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LISTING  OF  MIMO 


This  Appendix  contains  the  source  listing  for  MIMO.  The  sequence 
numbers  are  on  the  listing  to  assist  the  user  in  using  the  program. 
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OI 
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4k 
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0  0  0  9 
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4k 
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H  CJ  •* 

«k 

o 

O  V) 

< 

o  z 

4k 

4k 

Z  uj 

«I3  t4 

O 

o 

O  ’ll 
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4k 
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4k 

4k 

lit  %a 
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UJ 
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4* 

4k 
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3 
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3 
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4k 
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o 
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4k 
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H.HHM 

HHHm 


x  x  rr 
rrrr 
r  r  xt 
x  x  x  r 
x  x  x  r 
xrv 
rx 

T* 

>:  x 
r.  v  r. 
x  x  x  r 
c  c  c  x 
r.  r  r.  r 
r  r  r 

£  X  X  X 
OUOU 


X  X  !C  X  Z  O 

rrrru.t 
mi  jv 

o  u 
o  < 
x  a 

r  trr 
i  r  r  r  r  _ 
X  X  X  X  H  /. 
t  x  x  r  -i  uj 
7.  T.  I  X 

x  x  x  r  *-  *1 

•  u. 
U. 


x  irnfr 

mhDo 

tO  O 

^  >■ 

Cl?  »-  I  H 

C£  Z  ii  u. 
/  JUJttrf 
H  _!./  S 

.j  or  to  in 
j  o  r*  e  •• 
Z  O  Z  tO 


-J  *~o  •  - 

9  9  O  M 
O  C>  Z  C '  I 
X  0  -4  r> 
kO  JL  ^ 

<y  z  u3 
r  r  <  c 

«f  H  >'  ^ 

_*  "»  (Vf) 

o  O  *?  '» 
tj  »-  r.  a  •> 

o'  _l-  V»  «- 


V  M 

»o  ry 

4k 

•*  k- 

•> 

•  to  r 

T 

CO  o 

X  O 

4k 

O  9 

.  « 

*—  • 

V- 

•*  o 

4t 

#>  « 

V 

r-  — 

»*4  ku  H  H  Z  X 

■* 

o  I-- 

M  #-• 

k-  C7 

o 

•» 

HMW.h-aIO 

O  k- 

w  o 

.3  3 

yi  -3 

3 

«0  < 

HMHH  k*  4k 

Z  r-4 

* 

N  O 

H  Z 

z 

H  ro 

•  UJ 

H  H  — 1  M  i —  U_ 

a 

o 

»-4  U. 

4k 

h  II 

•k  «k 

•k  w 

w 

.t 

H  -t  .4  H  H 

o 

to 

4k 

9  O 

»  £ 

H»  4- 

O 

0 

«  x 

fr'  CO 

c 

4 

O 

a  uj 

HHU  <tn 

vO 

w  '/ 

X  UJ 

1 

1 

o  o 

•k 

4k 

Z  CL 

^  O  O  X 

3 

-J  O 

z 

1 

1 

Z  M 

4k 

M  «t 

w4  Z 

o  t- 

O 

if  X  X 

CO  H 

M 

1 

O  UJ 

4k 

•> 

4k 

*— 

£  \ 

V  V 

O 

X 

r  v 

•J  k— 

k-» 

> 

i» 

C  u. 

o 

4r 

O  ^ 

O  41 

tj 

•» 

»•  * 

—  ■*. 

S  3 

k4 

M 

ti. 

3 

4k 

r  e  a 

o  r 

o  c 

o 

•  o 

X  T  T  T  O 

>- 

M 

4f 

H 

H 

7  v 

* 

Tl 

r  *•  r  r  r 

.j 

z  cy 

£ 

e 

r 

10 

T  rr 

M  M 

r 

M 

•*3  M 

r  t.  r  r  o  r 

V 

e 

O 

„ 

►- 

O 

4k 

*k 

> 

o  r: 

r  t 

r< 

3“ 

iixif,-: 

u 

c 

9 

»«4  C 

>* 

4f 

X  it 

O  *-t  >k 

X  V 

X 

•  X 

r  x  r  v  *3  »». 

•/»  Ml 

wl 

o 

k- 

a 

*k 

<1  X 

*3 

ii.  r 

<  » 

-• 

. 

t  r  r  r  o 

*V 

f/  «t 

y 

CO  • 

9 

o:  9 

c 

t  c 

OOn 

3 

•O  O 

7t 

J<u  UJ 

w 

•UJ  o 

CL'  * 

ID 

M 

■u  X 

r.  r 

rr 

I 

ft.  o 

rt 

> 

r> 

— s 

o 

til 

«k 

o 

|4 

r  *■ 

<3 

%- 

O  Of 

w 

.*4  O 

o  .y 

> 

.v  uj 

o 

4  O 

auoo 

>  o 

k- 

-J 

-J  k- 

o 

O  % 

a  £ 

o  o  o  o  o 

*3 

•  o 

r  r  r  m  r 

/)  to  t' 

4 

>-  *3 

4t 

♦ 

« 

r  x  r  x  x  < 

o  r 

r 

O  u_ 

Z  <f 

th 

r  j.  "  >  -  > 

o 

•4 

H 

* 

<t 

X  c 

% 

x  v  x  •: 

4k 

1  LC  L 

4k 

» 

«jooo  oouoooooo  oo  o  a  o  o  u  o 

o  o  o 

*.  *“•  iV  > 

z  r  rr  •*  o 

Oh  ^  h 

XT  IO  X  w  —  w 

V 

D  »>*  *>  »»fO  uj 

O  c«  ■ 

"T.  un*4*3< 

H  H  .j  -  m  y 

V  w^O-3 

▼4  X  ^  9  k-  * 

r  <x  r 

o  a  i:  u  y  w  »j 

i>r  or  »< 


ft-  > 
O  Z 
O  H 
>  H 


D  *s  C 

■*4  r*  (/) 

z 

o  •*  H 

*=>  X 


Of  v  o 
-4  I  -4 


0 

or 

O  D  «.  H 

o  (A 

X 

•k 

a- 

O  ft  o  «k 

•4  «f 

z 

—ft 

o 

•  *k  H  ^  C 

•.  J 

Ui 

S* 

3 

■  O  W  .*4  r« 

o  "9 

X 

H 

«k 

O 

M  ft> 

X 

•* 

—ft 

«4  •»  «t  •«  xt 

^  *4 

O 

o 

o  ^  cs  < 

Z  00 

n 

«4 

•4 

i  .‘J  M  r-  HZ 

<  < 

z 

w 

•k 

Hnw^k-H 

X  x 

< 

la. 

v  «kU.f)07 

ft-  ft4 

•ft 

r< 

No  2>  (SJM 

U  *ft  ft 

la. 

c 

w 

►  *4  -4  *0  > 

*  30 

H  3 

z 

o 

ft 

^  ri  «t 

•k 

=> 

M  J  «»uWl#k 

3  ftl 

n 

•k 

H«f  ftv  H  ftO 

HO-) 

1/i  •• 

X 

*  »l  <T  ft*s  H 

»  T4  ftk 

!-4  ft. 

•> 

o 

OflTHotl  ft 

->  w  01 

X  •• 

«•% 

H 

H  U  kHH  J 

r»C4 

iii  Q 

D 

•k 

w  ft  O  w  »H 

w  o  X 

O/ 

•« 

» 

Z*kHN  Jw 

ZlfM 

ft—  *-• 

•k 

•4 

MOvnH7 

tf  d  ft 

O  “> 

o 

MnW^WH 

you. 

Z  14 

*4 

o 

O  ftX  #4  2  M 

ft-  ftO 

ai 

0 

0^00 t0 

Oft1/) 

»-  X 

o 

M 

HHH ft^H 

ft  J  ft 

0  Mi 

» 

vl 

m  Tk  —ft 

3  wj 

75 

•k 

*j  ••-*  n  » 

r*  ••  m 

or  ^ 

•» 

-ft 

HO  ft 

—ft 

X 

o 

C  fat  ^  •»  *Ci 

e 

•*•4  J 

K. 

Ui  0 

•ft 

*4 

w 

ft*  w^, 

*  M 

•>  . 

•*  a*  r  •* 

•kftr4  f?  w* 

ft— 

M 

<9 

O 

•a  ft  JW  H  9 

9 

W  o  v> 

‘/) 

u.  St 

M  H  N  ftrl 

H 

z  *  > 

*fl 

» 

ft— 

J  w 

w» 

<  a.  ft-«  _ 

< 

•  K 

O 

o 

»t  H  X  O  H7 

X 

rs  wo  a) 

— * 

ft-  o 

H 

o 

3  *kO  mwm 

> 

►—  •»  •.  jj 

.* 

O  c> 

w 

H 

»Ony)  -3  ■> 

ft«t  H  H 

r-t  a. 

-1  * 

«C 

0 

rn'-i  ft3\ 

\  »S  2 

v 

a  a 

V 

\W\0\0 

a 

HHHN 

o  o 

% 

I-  ...  1.  l.  \  H  « 

O  <  O  t4  o  o  •*• 

*■  :  j  t  »,rr  »*' 

H  r  M  «  M  M 


»i  «*i  n  r  •  •'. 
C  t  h  '  j  IT,  \ 

>:  t*  c  >  w  « 

Mw 


r  v  rNaw 

>  %  X  »*S  wS  \  C  \  I'N  S 

.  —  ^  ^  ^  7  •-  •*  ^  rf*  #® 

»0  r  Or  0«f  o  n  »-  p  ?  O  O 

>  x  Hrwr^r.isj  orr 

>  *  r  •.Vw.'r^*  o  *•■»*>  ***  «r 
kO  jOOOXOOSOZOO 
,OWOHO>U(J  •*  O  *»0  U 

♦  ♦  ♦  ♦  ♦ 


r  r 

v  \ 

^  /  rt 

oo  n 
r  :*  a 

r  r 
3  0  0 

o  o  z 


X  T  II  II 
M  K  O'?  1 
!  :  m->- 
•*  **£•.*' 
•  •...*« 
»•  ^  *0  ^  • 
r  z  *p  *t»  , 

•  *«  *4 

J"  t'DO1 

adooi 


>  •>  —  “■>  n  -» . 

I  »*w  •>«•>< 

>03  O  O  Q  ' 


I 


’*hCC<I0,<0)*«l.  9uo9jO 

sivsdOf  i)  *r.  .  000910 


I 


2  CL  H 
U2  X 
Mho 
D  H 

x  uj  i 

X  I 
HHO 

a  * 

a.  ui  tr 
2W  •• 
M  =>  < 


U*  ’ 
l 

H  h  J» 

v.  «H  II  « 

h  ii  >ii  !!  a  i 
'  M  ||  O  • 

t  t  r  n  h  u  ii  . 
»  . 
HDa  3  . 

;  t  2  2  y  y  v  w  ; 


h-  i-  *-  »- 

HMMM  -IH'-'H 
^  2  *  -  * 
aao.aao.fia 


2hC 
4  3ii 
oa  h 
7f  M 
w  h  r 

2  rH 

0(0  J 

M  rH 

►-  CO 
a.  r  h 
o  ui 

7>h  r  X 

W  Q.  11  >•  M  H 
D  O  U  H  >-  t 
N  HO  h 
*/>  Ctf  HI  -J  U 

w  UI  W  H  t 

I  X  CP  *4 
tI^HX<X>> 
(  \  O  H  >  -*  •— 

3C  «  ry  a:  h< 

O  r  J  r-  J  —i 

HI  U«(  Wtf  H 

iO  <;  <n;  id  co 
o:  ~  o  u_  «< 
•U  •  M  -J 

>i%  J 

•  7.  L*  ^  O 

«  H  0«TK  V 
I  N  2  5 

I  m  o  >-  a  x 

I  Jh.V  Hr  O 
|  *.|u  hH  D  O 
I  h-  CL  '  I  _•  O 
o  no  i  h  uu 
T“  «-  m  t 

M  X  T  *t  H 

x  o  o  v  j  n 

H  n  o  J  2  ;i 

3hOLO«CO 

i-  a  a4  £  y 

OI  WH.O  vl 
UI  H-  J  2  u  2 
X  >•  003 

o  2  if  h  j  a 
L  *.2  «  ~ 

-I  C  ■  U.  H  1 
J  U  C  *?  I  •- 

y  h  o  r  H  ►'  o 


puimt*  , "urTa,  while  me  09it'/AeiL  trv  matrix  is  limited  to  a"  u.izso 

Pi.'IilT'  ,**T  3X1  -J  MATRIX.'  0J129^ 


a  O  O  Q  n  '3  O  3  f>  ~  0-30000  0  0  D  o  O  O  O  O  3  O  3  0  00  T»OOC  3  o  z»  •»  r* 

U  «4  N  ^  J  ftvOS'O'T'liHWM  r  (\  «D  N  « 

«  r%  n  n  n  -n  *i  hj  'i  .i  r  >r  r  -/  v  -r  -"  /  ;  l  «>  J  J  i  J  ^  J  O  j 


)  j  !’)  >3  3  )  U  1  3  J  >  •  ■»  3  D  1  O  )  ^  n  -J  J  •>  3  l  >  -3  i  1  1  J  J  ^  3  3  O 

oonoi  too  3  a  o  o  o  o  o  ototooooo  no  a  o  tto  aoo  o  ^  •>  ■>  n 

: 


t 

Vi 


I  I 
I  ! 


X  z 

M  M 
X  X 
4  <L 


o 

fi* 


Vi 

w 

»- 

o 


o 

•J 

%. 

w 

a 

% 

t. 

f- 

«• 

O 

: 

a 

-i 

-S  P 

OS 

<s 

0*4  os  OS  0-4 

os 

% 

%■ 

0 

o 

-1 

o  «u 

44 

.1  C;  0  a 

Co 

* 

% 

Ui 

—  *i(VJ 

•4  OV  OS 

a 

— »  <*4 

44 

*4 

ft  ft  ft  ft 

0 

* 

Cj 

u 

€1  1 

OMrf 

O 

-> 

■> 

OftiM  * 

•*> 

ts 

H 

o 

•>  1 

4  a.  ft 

« 

a  - 

«4 

H 

y 1  *-l  4 1  4-4 

■> 

o  Z 

NOO 

O  .*\  4> 

ts. 

yt  .O 

ft  ft  ft  ft 

•» 

O 

ts 

O 

fr- 

T*  O 

*>>•  t 

A. 

*. 

•4  *4 

•• 

0 

OOOO 

3 

% 

« s 

10 

#4«-4 

O 

OA  Q  O 

O 

c  0 

C 

X 

2:  \  X  A. 

X 

» 

«» 

a  in 

M 

o »- 

r.  a 

j:  7  zz 

A 

a- 

X 

Kf 

44  f — «  4-4  0-4 

« 

*3 

z 

-i 

X  -» 

-4  X  T 

X  ft-4 

—4 

H  •— 1 

H 

T 

r  r  r  r 

3“ 

O 

X  0 

H  u 

»  -a  .y 

J  i.  V 

A. 

0.  il 

X 

X 

r  x  r  x 

X 

A 

0  »-• 

«* 

X  UJ 

X  ~  ~ 

-XT 

T 

x  r 

X 

4 1 

T  4*  3  ‘ 

J 

•t 

% 

Z  ft— 

X  X 

•?>■>- 

V  •  - 

T 

‘  r 

• 

SO 

SO  SO  Vo  40 

SO 

a 

ar 

-r  UJ 

-t  ~  so 

W  40 

a* 

V 

>>->->■ 

>- 

«5 

<3 

UJ  0 

o 

»o 

►  -4  J 

— J  >-  X- 

>- 

V  >- 

> 

u 

4l  M  <  4 

si 

A 

% 

a 

i»f  s 

u 

V  u 

/V*  V 

y  4  ft 

<1 

-*  «f 

r» 

_l 

-1  .  J  J  J 

1 

•» 

^  c-  rt 

«T  O 

-J  UIUI 

III  _J  J 

-J 

— J  -J 

-J 

v  f?-  v  V 

•SF 

*• 

•> 

n  0 

o 

mJ 

a  >  > 

>  lit  If 

w 

a  a 

**- 

L. 

lu  L.  lo  U 

Ul 

«• 

«* 

ft- 

«/.  ►! »- 

CH 

u»  z 

> 

r*‘  > 

5* 

>  > 

> 

C 

0  0  O  C 

0 

* 

b- 

0 

*  •* 

>  UJ 

O  -J  -J 

-j  0  5 

0 

0  0 

O 

«• 

•t 

vl 

►-« 

Ul  o 

o  I 

-J  -i 

_i 

-J 

-J  — J  -J  -J 

-J 

e* 

% 

2 

M  X 

4  j  j 

— J 

-j  — j 

S 

-1 

J  J  -1  J 

-J 

« 

*>  *4  a 

A-  H 

-j  a 

JOO 

0  j  j 

-J 

_j  j 

.J 

*3 

.-t  «•  <t  3 

4t 

ts 

t- 

3  -  »* 

*  X 

-J  o 

4;  rs  «4 

*-*  *t  «* 

't 

1  <x 

< 

O  O  O  C  O 

3 

a  r> 

4J  of 

o  X 

<  r- 

O  >  -3 

~5  •  J  O 

U 

000 

04 

OS  04  OS  04 

OS 

« 

UJ  0  >- 

22 

•  -2 

O  7> 

^s  3  a 

'ft''  -4  -* 

04  04 

044 

-3 

y-4  J\J  "••) 

A 

* 

•> 

0  -J 

44  IS 

w  f'J  <\» 

fvj  r\  N- 

O  Y> 

c> 

rl  H  H  r4 

tA 

«> 

* 

X  v  0  .U  00 

u  >- 

▼1  t! 

•  •  • 

•  •  • 

• 

•  • 

• 

• 

•  •  •  • 

• 

04  t 

c  *<C 

»  r  »  *  4 

a  «x 

•  • 

c  c  c* 

C  O  C 

c 

e  c 

c 

C' 

c  c  c  c*  e 

* 

C  • 

JC  OS 

X  J>  |- 

>  ~j 

c  c 

UJ  u<  «»J 

t,  AJ  tU 

UJ 

*.j  .0 

IkJ 

III 

l*i  1:1  Ul  1C 

UJ 

*s 

ft* 

-t  r  - 

ho  n 

*•  v 

IJ  lit 

•  •  • 

•  •  • 

• 

•  • 

• 

• 

«  •  *  • 

• 

r*  ** 

C  ft-*  • 

m  r  3 

2 

Vi 

fir 

o 

H  * 

Ctf  2 

K- 

<t  uJ 

X  X  s 
h  n 
UK  z 
< 

O  v&l 

1C  K  ► 

n  u»  k 

ar  m 
u  o  _j 
t/i  *-« 
UJH  O 

r  o  ** 

H  ■> 

K  U  it 

3  *J 
al  h  co 
KCO 
UJ  z  o 
^  o  •»: 

U  fl  >  .1 
1/1  to  f-  ^ 

ri  H  C 

o  a  -j  -i 

w  -i  a 

lu  o  />'  k- 

r  o  u  a 

i—  Ji; 

u  -J 

3X0-1 


—I 
© 

.«« 

X 

►- 

z 

»-«*-*»—  4A.  . 


v-  v 


u.  r  o 

l  o  *<  »1  T 


2  M 

*  r»  4 
k»  a 
r  jc 

H  J  II 
i  4  ii  II  L  u.  u.  u. 
O-OrHMMHH 


»  •*-►-*- 

■ .-  i-  5  r 

(4  44  ►*>*•*• 

c  C  or  f*  -*V 

i  -/  3  3  r 


i-  w  *»- 
: 

1-4-4— 

IT  ••*  '.4 


v_  »-  ►-  v-  4-  » 


r  r  r  r  r  r  X  u. 

»-  4-  4-  I- 

I  ^ A  *o  n  *1  <4  v  o 


u-u.  u.  u.  u.  u.  u.  u.  a  u.  u  u  a.  o  , 

-4  4-4  H  O  : 


■>  IS 

o  * 


a  c 
r  3  c  p 

X  >4  lA  »>A*4  4  • 

—J  r 
r  o 
o  a. 

^aia  a  i d  a  a 


<  3  I 

a  o  . 


r  >-»-»•  ►  •  »-  ►-  »- 

J  2  2^  33  233 

-«  M  '<  M  -4  '-S  M  H 


D-^ 


Pi.i.r*  v *  »uu  s^mgjlak  values  of  cisc^ete"  jci&9« 


PRINT*  ,  "  20NT1  0 1.  L  A  Bit  IT  Y,  OBSERVABILITY  *AN0“  0GX704 

PRINT*,"  4AN<EL  NATR1CES  VS.  SAMPLE  Tint"  OV1710 

Pe.ItlT'  ,"TPTT ON  S«  OSTUH  THE  CONTINUOUS  TIKE"  0-1720 


o  o  ”3  a  j  o  t  o  o  o  tj  j  r  o  o  *j  *3  x  r:  o  noauoouno'isoocr  -j  i 

M  ^  as  fi  OS-fl  ^  a»<NNj 

N  N  K  KN  N  N  6  i)  O  ^  O  4  O  1,6  J  J'Jt  »»  T»  J*  J»  O'  <T*  C*  7*  JO  >  .3  : 

H  H  H  H  H  H  H  rl  H  <H  HH  H  H  .-<«-l'-1*-4*-4«-<r4*-tT-4T'«P-««-<r<JrvJCSJ’\J(\Jf<J'M(vjC\ 

<3  j  J  O  ^  O  ^  J  3  ’  .j  1  rt  %  *3  3  i  J  3  O  o  TO  AO  JO  3  r»  ->  1  3  3  .1 

3  o  3  on  no  o  -3  00-30  3  a  n  o  3o  o  jos^oao^’joa^oo'jc 


►- 

1  : 

WO 

>• 

o 

►-  H* 

X 

m  r> 

s 

j  0 

X 

1  2 

M  2 

P-1 

x  uj  : 

• 

• 

CP  H 

'£ 

m  >  o': 

:  w 

< 

a  ph  aJZ 

Ul  uf 

— J  JJ 

<  s 

*-  O  U-  ui 

o'  0 

O  X 

X  /k 

4  'A** 

“3 

n  *- 

r  <  7m 

r  aJ 

<  — 

«<  0 

UJ  C 

K-  £  X 

<  v:  -t 

r  1 

ui :  20 

U  CO 

OiLlI- Y 

1 

1*  •  a  u. 

T  J 

U.  Ul  X  O 

UJ  Jj 

>h  a  0 

V-  2 

O  *T  O  U. 

-j  -j 

U.  JJ  VI 

*  O 

l n  3  U 

♦H  HO 

1  or  ui  ~z 

•  4 

<^UCH« 

• 

u.  u. 

•  0  x  < 

1  :» 

«u  3  •/»  u.  x 

ct 

Q.  'AKii  H  H 

e  2 

CD  -J  r-l  *J 

0 

Z  -J 

J  h  3  r* 

2  ^ 

r<uo»- 

►*■■  »~4  «t 

K  dm  x: 

*-1  0 

^  >  a.  'lii/t 

(J 

O  H  A  J 

z  — 1 

2  0  >- 

O 

2  O 

J’*JC  2  a. 

2  jj 

»-4  O 

-»  2 

M  3 

m  «> 

«  i 
J  '/>Ui 
j  :*j  v- 
o  o  <t 

.£  M  - 
»-  r' m 


2  «X  O 
o  ~J  2  *r  O 
m  r*  iu  ui 
HOOllU 
H2tuD2 
o  p-R  -i  i  : 


_J  O  -J  <  X  H 

o.  r  ^  o  : 

^3!  »I  «u 

o<c:  o 

T.  c*.  u-j  £  IT  CL 

.2  Ll  3  I 

1/10 


*o  z  u  _i  r  >-  u.  d  u. 

I  O  <  U.  y  A  L  V 
ut  I  m  «  j  -<  7  oj 
r  •*-*-<,  a  m»- 
*-  I  O  3  V  _l  Z 


■  J  }  /> 
2XC.H 
H  H  ^  U 

-r  ^  il*  n  m 
►-  *-  o  t  ^ 
c.  c  C  3  M. 
n  r  n  .  ii  n 


;u  _J  r  -4 
V)  <  aJ 
O  >  _J 

M.»  «  v 
;■»  *>  o  w 
~  u.  o 

r>  in  ivi- 


dwd 
a  o  a. 
»-  r  u 
o  3 
o  rvj  o 


c>  a  t 

non 


7-R  *  >- 

2  J  H< 

O  r-»  -J  e 

UCC 

<  ^  r. 

•  I)  >  V- 

-r  a.  */)  *- 

>-  uJ  _J 

•o  ^  r 
2  tn  u  o 
*«  o  *. 

t  ^  ’J 

o  *>  ”> 

c.  2  «*  *3 


••  ** 

M 

••  O  ri  !U  n 

f  ^ 

%r.  K 

40 

31  H  H  il  H 

*4  vl 

z  z 

z 

Z  Z  Z  Z  2 

z  z 

0  0 

0 

0  0  3  0  0 

0  3 

M  H 

r*^ 

r  .  p~i  hpi7» 

•1  p-» 

h 

4-  H  h  I*  I- 

w-  »- 

a  a 

e. 

r  0 

0 

0  0  0  0  r 

f“T 

x  :  t 
>•»•*« 

•  * 

*  •»  • 

•  s 

1  tl  •> 

>  It  n  il  il  ii 
>-  I-  4-  *-  p- 

'irt  c  r 

►-••  L—  k—  L-  »- 

V>  to  c*  *o 


►—  >--!■•  !—  K-  I—  I  -  ►- 
7  2222222 

H  H  M  M  M  4  M  H 

X  ii.  jC  £■  *  i  *. 

xaaa.aa.acL 


M  .imhhmm  W  rsmh 
t  t  i'  y  ^  k  ,»  t  l  * 

•xaaa.aoLaaaa.a_a 


a  'omvui  '/i  v>  yi  '.i  y>  .t  z  2 

D 

U<  «  (wh;  k.  t  v.  t  'v.  t  ^  H  »' 

a  •  . . .  1  «  •  • 

>*  h  c  r  c  r  r  c  c  t.*  c  r  c  t  *  1 

v-  O.  l»’  »*»  Ul  UJ  III  V*  »»l  •»*  It*  1*1  *i]  l;J  I 

X  0*1*  •«•••*  «  »  • 

»«  Jl-»  —  » -  I  k-  h  i 

*  m.  u  u  a  a  u  c  u  c.  n  c  .  n  1 

H  4  ^OCOOr*  3  3  0  0  0  0' 
^OOJOOOOOOO-I  J  _4 


2  U>  U.  U.  u. 
U  3f  w  »-l  M 


U.  L.  Il  I 
H  HH  l 


ITU  )RT.ET.:t,)NSTMT  =  15  J«2t90 


<fAO  HAT»ICrS  F*OM  USiR  COZ5JO 


oa3oaoc»o3onjor  a  i  3Qnp^non*sr>ooQr  ?  "  o  o  ii  *3 

j*-*rgr>  5  N  *  tr  ■»  h  nm  r  u\  k  c  c'  j  w  .X  »•>  r  in  o 

*\  J\ ,.»  .P  .\  *.  u'i  J  o  J  3  ju  ui  -»  j  *.k*****p-a**-a-  .  n  u  o  o  o  -o  o  «o 

f^<M«vi<N4:wfsiMfsirj.j(\j.'gcsjCSi(NJ'M<Njcs4(vrjfv*wcv;.v<\irsJfur^(V(vrjwf>j<Mrgr^ 

i>  *1  1  1  1  1  J  O  3  J  -  J  “1  »J>  1  3  3  3*3  ~*  )  -3  w  ~  J  J  .1  _  T  *1  3.T  J 

?»r*peao*i->ra'»  3^0  1  a  laoappao  300a  3  3  o  n  3  r>  o  d  3 


f 

A 


O 

111 

Of 

t  M 


% 

o 


-# 

o 


M 

« 


«tf 

r 


IA 

tij 

o 


ui 

x 

UI 


X 

CP 


UI 

X 


h. 

o 


a 


z 

o 


z 

UI 

t 

w 

o 

3 


iu  ui 
r  o 
h  z 
•* 

»V~  X 

lu<  J 

H*  * 

z  z  o 

ul 


-J 

o 

3 

<  •*  u 

-2  T 

Z  •*!' 

-r 

x  ^ 


—  X 
.  CO  * 
I  *0 


2  **  t  1. 


OTlt 

rrrr 
t  *3 
-ui 
.  .»  X 

*-  r 
7.  -1  j 
^  j  j 

w  <  <1 

a.  o 


r  v  k  ~ 

>-  <  r.  r 

7  U  !  ■• 

m'/i:  rr  %  x 

ax*  -•> 

»-  • 

_J  -J  .'t  o  _J 
JJH  -  J 
«]  «X  ^  4i  «X 

00a  yo 


-  3 
n  x 
r  — 
u. 
x  x 

I-  «X 
7  U 

H  'A 

•  4.  > 


J  -J 
1  M 
O  U 


X 

O  A 

ui  O 
.  X  ul 
*-  <A 
O 

u.  a 
o  to 
z 

iA  X 
►-  u. 
3  - 

a  o 

»-  UI 

z>  > 
o  o 

a  n 
o  •— 
< 
•  x 
w  o 
3 

O  •» 
M  X 
CO  IJ 
3  >- 

Ui  UI 

T  V. 
►!  VI 
o 

o 

.  X  to 

O 

cf  yi 

-U  U. 
»  X  H 


s 

A 

L„ 

X  Q 
»-  2 
N 

Z  M 
*-«  - 
<  </> 
H 

CT  >- 
O  »» 

t1 

o  ~ 

I- 

*■ 
ui  2 

2  O 

3  M 

4H  »~ 

t-  < 
3  - 
O  T 
O  It* 
10 
n  i»i 
.  h  rv- 

►  x 
*  X  ui 

►  ’A 


-»  a 
o  -  ■ 

*;)  I'  h 
U  'Z  -  X  Q 

2  ~  O  ui 

-u  r:  2  o 

o  r  *•*  o  z 


»  k 

•ff  c 

It*  3 


—  T. 

Z  I- 

r»  t 

.  .  M  f  M 

-  —  I-  UI  L# 

•  -  -%*  a 
hi-  » 
■*3300 
-«  -«  -i  i 
-  o  a  *J 
a  a.  «  u  o 


«•-  A- 

y 


c  < 

r  r  j 

*.  i  vf 


t 

I  -J 
u  -I 
o  3 

Uu 

t  UI 
2  tO  U. 
0  3  0 
H  O 
NO.  Ui 

<1  to  to 

u-  lu  A 

2  or  o 
-u  a 
<0  -u  to 

JUI  Ui 

o'  -!  r/ 
a  2 
ui  a  a 
a*  x  ^ 

m  r- 

3  •  >1 

4.1  ^4  •  ! 

O  I  cu 
3  J 
<K  Y 
-I  «*  O 
U  I  M 
M  T  I 

x  iii : 

U  Cm-  I 
r—  *r  «v  in 

r  k  a  >  1 

O'  u.  /> 

O'  r-  a  ' 

3  a*  1 
Otf  Y  Ul  1 

t-  S  u  J  ; 

K  -i 
0  3  1-0 
O  3  ui 
~  C  _>  « 
IV  -J 

•  003 
O  r*.  *-  U 

i'1  2  :  : 


to 

o 


o 

o 


p 

6  t 


c 

z 


—4  00 

-  3 

«r  •» 
ui  CO 

a  x 
*~x  - 
X  z 
o  •* 
x 

O  CD 
•u  01 

—  — 

2  CP 

4  < 
Ui  ui 
C  X 
<  *J 
V  X 
X  3 
^  X 


X 

«* 

Cl 

b. 

II 


O  ^  ■ 
u '  - 


£  .  -  -  r  -  •  -  -  r  II  li  v 

V-  I-  -  «*  I-  I  -  4  —»-«-♦  111  *~1 

J  ^H.f  *.  mn  Hii.f  v  -*» 

vi  y  i  iui  u  3  3  v 

oaa  ^-caaaax-iQO^ 


<i-4  4-rC<P  — 

>  j  r  7  m 

I-’  T!  P  —  —  —  *. I 

2  1  <4  r  t*  *<  -1  2 

^  J  v  M  II  w  J 

1-4  3  **  *-• 

^  J  JO  J<f  f- 

j  ,  <v*  -* 

C'  ^  •»  O  3  H.  O 

0  0  0  0  0  3  0 


D-? 


Go  T 0  011  •  Ou£<//J 

O'j  :  j:  1  or2ct>o 

00  xjj=i,;iP.,i  juzom 


Brw:i(J,I>«PII,J)  JW290C 

CO*<T  INUC  Oc  2915 


i  »*i)u 

r  <\  X  • 

'  tMJ  W 

*  r  y.  n 

*  n  •*  *t 

r  *  u  d 

f  *••'€» 

'  r»  •«,»*> 
»  o  o  y 
-  f»  o  ► 

*  A  .<  n 

»  r  ft  a 

‘  V 

'  X  *>.0. 

:  *x  o  o 
v  *  •* 
>•-«»* 

i  •*  .*  u 


7  ^ 

<  2 
a4  «r 
t-  ftf 
7>  »- 

6  x 

>  H 
*  > 

h  * 

D  X 
O  M 

>  > 

*  to 

OX 

M  W 
D  t\J 
H  »*» 

(/)  ►-< 

*  l/> 

*■».  <x  »• 

(Ti  uj«| 

*  r  u 

:  c-  v  < 

*  j.  .<  v 

u 

*  rj  „<  - 

^  /  *  h  •* 

.  *s  ^  ►  Cl. 

'  V  H  •,  /. 

>  • 
)  .*  O  ••  it) 

r-1  W.  a. 


O  •» 

*  u  M 

y  r  iv 

o,  2  <i 
^  •*« :> 
o  *  o 

vO  *  '.0 


•»  *>  t.'  -  f> 

'  -  v:  r  < 

j  .t  r-  *1  a 

•  *n  C*  - 

i  *"  *  *  •#• 

>  *t  ;■)  •  m 

'  3  » «  > 

>  »-  :t  :*  •*  -h 

:  c  -  c.  » 

-  *  U  44  *■»  t 

•  t->  J.llO 

I  .1  «T  *1  .J  » 

'  r>  >  *-  r>  --B 

«:  t/i  */*  *.  ii 

■  »-  j  j  y  ^ 

, 

1  -»  -J  _»  f*> 

I  .»  .J  I  .1 

L  «\  «x  *c  o 

)OUU  Ji  <J 


~  X 

x<c 

*  O’ 

V'- 
h-  O 
O  D 

o  •«. 

•*o 
oo 
o  •* 

*a 
o  o 

O  H 
M  l/> 

v>  •* 

Kt| 

«t  **1 
a)  *\r 
~  Otf  %x 
O  *4  v 

*yx 

#> 

r  «<  »» 

*  •>  .> 
o 

*:  w  •* 

•  •»  .J 

V  O  *4 

U  ft  »<  *> 

n  co  *.y. 

»  n  *2  •. 

A  *»IT 

h  or:*' 

W  «V  M 

x  x  .y 

M  *C  CC  «| 

>  *gr  o  r> 

II  V-  C»  O 

—  O  *yun 

v-  o  3c  :i 

*  »  5*  **•  w  ^-i  *■> 

•»  w  cv  ft  •»  *• 

->•  w  .i*j  r  2 

*  -'  -j  «•  «t  *  * 

w  M  D  >  -»  *«  H 

-:  r>  ^  u' o  it  n 

I  ».  2  •*  .*  J  .4  *■> 

»  -i  *’> 

-  H  J  J  .J  >  4. 

r*  7  j  .i  -j 

►  4  O  «  «t  O  O 
i  >  i)  u  l)  j  on 


c>  o 

DO  *7 

li  M 


•7  <  I  *  v' 

y  a*  r-  •: 

u  v<  •• 
.>300 
*J  D  O  O 


ujszai 

u 3J2V0 


S15wt:,l)*8''*TCSIS0(I,l»>  (03348 

SIiCfI,l)»3^KT(5H.CCt,  2)>  .  <03318 


J 

S 


*» 

o 

O  n 

81 

« 

o 

*  o 

u  r* 

0 

C» 

a 

ci  •» 

-> 

T> 

o  «1 

o 

r* 

« 

O 

o 

«• 

r» 

'a 

o 

o 

*> 

a 

c* 

o  o 

(SI 

*  A 

N. 

o 

?i  s» 

»4  (Si 

*•> 

r 

us 

mJ 

o 

*1 

O  H 

(SJ 

•o 

i 

,>  lP 

V. 

Cl  pi 

o 

C  M 

♦ 

ITS 

P  Uk 

ro 

*1 

Cl  Cl 

*1 

M 

80 

M  ; 

1  J* 

-r 

l 

x 

4 

-4 

<4 

*1  .O 

US 

*•. 

vIS 

.1 

-S 

A 

w 

•P 

*» 

w> 

J 

->  p 

ro 

•o 

Cl  M 

.*> 

h 

cl  ►  > 

Cl  « 

c> 

o 

Cl 

Cl  CJ 

» 

Cl 

W  Cl 

Cl 

Cl 

Cl 

fl 

■o 

Cl 

M 

M 

Cl 

»■» 

Cl 

cl 

Cl 

c> 

.«>  Cl 

> 

O  < 

> 

«  > 

>  -* 

-i  a 

.8 

a 

78 

1  ' 

*  8 

*>  ' 

1 

V* 

> 

> 

1 

1 

•52 

4 

:i 

J 

9 

'J 

n 

»  n 

■a 

> 

n 

O  1 

a  o 

ci 

t> 

p  « 

9 

o 

O  1 

9 

-a 

0 

<1 

o 

1 

O 

a 

Cl 

n 

r> 

1  i 

P 

Ui 

o 

2 

UI 


K 

UI 


UI 

X 


I 

r 


A 

*• 

1  H 

-i  w 

#* 

UI 

-1  > 

O 

>• 

t  4  (A 

m 

UI  t 

Ui 

N 

ft?  ft? 

rs  a  i  in 

M 

O  su 

^  IA  x 

•» 

C8 

VI  o 

4  Oh  h 

M 

X 

M  V 

>  « 

Ui 

> 

o  o 

O  \tf  ui 

>• 

•* 

CHf  uiu 

M 

X 

UI  u. 

«x  •»  cn  d 

H 

D 

X  3 

»!«.»•□ 

w 

t 

•k 

H 

D  M  3 

• 

X 

A 

O  H  ?.  U 

V- 

VI 

o 

U.  h 

r  *-i 

•a 

H 

8-8 

O  (-4 

H  H  ./l  l 

X 

•0 

X 

VIH  HU 

X 

X 

•k 

W  H 

;>  x  o 

*  (S  U. 

►4 

h  «.i 

w  *- 

X  ~  X  2 

4 

u> 

M  X 

14  0  nl 

cy  * h 

H 

u  * 

X  M  X 

X'  c 

»  *X  X 

is  -t 

HlH  .) 

v-  •  -s 

•»  x  *> 

r 

H  V 

-J  l- 

Ul 

O  »4  u) 

X  X 

M  2 

•k  I  alh 

*tf  X  •»  X 

u 

•k  C 

UI  X  o 

V  *  '  n  VO 

X  *U.  8- 

r 

2  « 

X  -4 

r>  _t  n 

X ««  » 

H 

•k  •* 

h  Jc 

H  O  •(  -J 

HUIllU. 

*T 

;s  i 

ui  « 

-i  >.» 

yivTui 

w  W 

Ui  y  i“ 

m  r>  «’ 

•»  n  *>  w 

111 

X  •» 

#« 

tf’JH 

its  ui  or  v 

iS  U‘  CM 

A 

1-  u 

UUH 

H  I-  M  ^ 

c  ^  »»n 

w 

v  ,1 

* 

T  in 

1/1  >  • 

ft1  cO* 

I 

M  •> 

C  H 

IP  UI 

l*  H  7s  1*1 

r.  1H 

8k 

v:  x 

—  UI  *4 

o  ri  S>  X 

*r4 

H 

P 

*o 

r 

« 

CL  - 

•4 

fr 

X 

t4 

D 

4 

2 

a 

a 

*! 

8- 

•k 

•> 

•k 

9k 

v> 

8- 

2 

1 

■H 

0 

9k 

-l 

X 

H 

-4 

H 

M 

•k 

a 

•4 

*•4 

2 

.4  c 

•v 

w 

-4 

8-4 

«c 

O 

j» 

W  71  V 

ki  O  »- 

w 

fsi 

«*« 

U« 

a 

8-4 

-i  U 

8-4 

X 

A 

V> 

v* 

> 

r~t 

U 

.4 

-1 

-»  *»  w* 

o 

P 

V 

C 

4  -i 

w 

v5 

>k0 

a 

X 

71 

•  4 

• 

-J 

U 

o 

P 

a 

71 

a 

O  S 

X 

M 

13 

0 

X 

2 

44 

— 

'4* 

UI 

•4 

•  *M 

H 

-4 

H 

V 

0 

«> 

X 

> 

VO 

y 

• 

H 

X 

v8l 

X 

O 

O  43  O' 

▼« 

T4 

<•  4  V. 

V  • 

O 

X 

X 

► 

n 

11  w 

\4 

44 

\\ 

„ 

C 

84 

8  * 

k 

V' 

— • 

i 

7' 

1 

— 

c. 

•>  II  II  II 

M 

M 

w 

w 

• 

•  0‘ 

•» 

•» 

•~k 

«k 

V 

•v 

*• 

II 

II 

7 

►  4 

7*.‘ 

c: 

C>  *4 

;• 

X 

z* 

^  c 

1- 

I- 

H 

ovr 

C' 

8-4 

•4 

II 

^8 

r-% 

O 

O 

O 

4i* 

U. 

_J 

4  ► 

•» 

*« 

*1  *iM 

H 

_  I 

0  ui 

»»l 

UI  «T 

•v 

*> 

•v 

•k 

•k 

•— 

•k 

•k 

^k 

8-4 

% 

U 

VN* 

* 

4* 

UI 

*4 

»l 

«  tv  *> 

«v 

1  ’ 

V" 

t 

V 

« 

4  > 

•4 

-4  |  . 

«4 

8  4 

k-4  1*‘ 

V* 

8  4 

•k 

0> 

\i* 

k-4 

HI 

1 

t 

1 

; 

j; 

il 

M 

M  Cl  14 

*  4 

n 

1 

4 

> 

•  8-1  V' 

VI  V' 

II 

II 

7.' 

II 

»• 

7? 

II 

II 

••k 

♦  •4 

7. 

v» 

»  • 

8k 

9k 

•k 

•k 

* 

M 

*1 

W  V 

w 

4« 

1 

J 

1 

» 

«k 

W4 

IM  vl 

*0 

2 

V 

r  « 

%* 

,7 

»  • 

•1 

W 

If 

.• 

—-4 

. 

• 

- 

M  r«» 

f 

WNM 

cu 

8-4 

1- 

•% 

► 

>» 

*>% 

kO 

•4 

8-4 

fc> 

M 

84 

“1 

r> 

M 

<M  8  4  t‘» 

"* 

8- 

1- 

8- 

» - 

•  - 

1- 

Ck 

OOv*> 

VI 

C» 

-1 

J 

.1 

„v 

c 

r-4 

•■4  ^1 

*4 

p 

JO 

( 

X 

8*— 

Jl  11' 

I 

X: 

c 

k*> 

4 

!7 

7* 

7 

«• 

!• 

.1 

.1 

1 

*■4  «t 

i»  .1 

v— 

2 

*r 

•* 

*• 

•  * 

4 

*1* 

4* 

*4 

8-4 

^-4 

8*4 

» 4 

C» 

P 

VI 

>H  -4  M 

««4 

.1 

k4 

•t 

a 

Il  u. 

u.  ( 

0 

O 

.V 

4> 

V 

-4 

;s 

"4 

4 

0  X 

■  .* 

,v 

V 

V 

£ 

Cl 

O 

QUI  '<!« 

WOO 

U  <J 

tv 

«:>« 

»-4  O  U 

O 

>  u 

O 

X 

A  t> 

ti  O 

V> 

A  tl  8- 

►4 

a 

u 

a 

4V 

a 

P»IhT- ,“-4T7*-0UJ  t  OS  i>  OF  ACC'J».ft"Y J0cto3 

Caul  of-x  a.-sc^a 


CALL  tXMtfir(SXG0e»N'l)»3XC02XM,i,WKA*E.A»XE«>  Ob 3700 

Call  '»mult<»*o,sigo2In>w<aijea»m,n,m>  0.3713 

CALL  f1KULT(«KAKLA,yH,<I^Hf  0»N,N,N)  tU37Z0 


*3  w  9  o  o  o  *3  is  a  e»  o  o  -»  o  o  ^oo*aarro“>  >n  o  "  3  ^  o  «*»  »  o 
n  A*»«C  eHNn.f«nCM}99»4Nn.f  r  n  n  s.  « 

v.  ^  ,.  h.  ^  h  «  x>  j)  j}  w  ;)  9  u  t  a  j  7  j'  g<  (1  j>  ■  .  •  c»  jn  *  9  a  j  a  a 

»o  n  «  w  n  n  a)  kj  w  ro  «  m  i»)  n  •>  «  ro  n  •'o  n  w  m  f'  f  -  ,*  j  ^  j  4 

r:  3  -»  .9  '  ..  j  13  j;  >  **  ->  n  i  n  r  ?3  ^  «\  -  ^  >  3  an:  •  a  1  ”  n  *) 

a  «3  *p  ao  a  a  *>-»  oo  0  5  o  a  a  •>  a  a  o  a  o  a  .v  o  o  *a  a  909? 


O  *a* 

7.  X  C 

►  »  <  o  A>> 

r  o  w  i:  o 

*  2  ~  o  •-  2 

4  ^2  Si.** 

*J  *>  •>  »u 
<A  1  Z  *1  ^  i. 

Ui 

V  42>j: 

<  <1  **  2  4  » 
y  aid  -iw  -1 
y  •*  »*i  1-.  t 

•*  O  T  !,| 

tw  •*  2  —  **4 

T  •<  M  *4  A  m 

t*  u>  y  ••  iu  •* 

M  '  •*  n  ftf 

M  <<  **2  4 
aVJI  H  -3 

nstf  use 

Ui  *  vi  /  *>  «* 

X  X  V  <  >  > 

243V 32 
M  CT»  *  X  *H  -0 
*  U  *  *  r 

W  W  W  1^.  W  W 

H  H  *"  HI*  Hi 

J  .*  J  >  J  J 

o  ->  r  7  r*  *3 : 

>:  s  x  *~*  s  r  * 

T  2  ^  4  I'  ..  . 

»- 

J  J  J  J  J  J2 

J  JJ  J  J  JH 

t  •t  1  *4  f  t 

000  0004. 


*  cp  o 

«  c .  ^ 

I  iv  « In  <v  4\ 

:  *r  j  x  <  rr 

*  <n  <  »-o  j' 

on  i»t  o  o' 

*  e  •* 

>  cn  »>  r>  o  o 
.z  *  a.  z 


%  «k 

*  n 

*  0 

UO  (3  D  3  'J 

<  2 

0  r 

j  r 

KJtjor 

w 

c*  *-  >  ~ 

u.\x. 

t.  X 

lu  X 

**•  2?  x  ir.  r. 

1  H  J 

r  f- : 

2*  A- 

s  K-  0  (-  t-  0  V 

U-  7 

*-  r 

U  7 

ju  r  jii.r 

tt  UI  X 

Ui  *-  of 

H  «/l  bi 

«.  >•  o 

O  Ji  z 

aj  O 

c  o 

2  IU  X 

H  rs  #s  O  UI 

J  7.  (D  D  H* 

*>  o  y> 

HO  M»l  >- 

*  2  o  * 

«tf  #*7 

ImC)  **k.  -1 

ft?  r  o  o  < 

<  *T  O 

tfo  ~  a?  u 

O  w  «J  Ui  J 

srnio  _j 


U  H4  C 
•<  «r  v 

•*  *2*  C* 
n  <  •*  iu 
*  Ui  CO  t 
<i  "  -4 
ui  <t  C  i/) 

dT  -I  Jl 

<0X0 
V  2  2 
2  **jh  .V 


:  h x  s  w! 

•»  2.  •*  *  Ck. 

•  a  .  •  n 


H  J  4M  j 

*  4  i  y  4 

a  o  a  o.  o 


»-  ►  . 
2-2  J 

M  H  J 

a:  .;?  < 

a.  a  o 


♦  »  x  • 
0  *-  ►- 

-  2  j  .2 
tl  »-«  -I  -I 
U.  *sT  <  2 

x  a  oa 


H  T'  !  m  UI  *«i  1 
**"'  4.  *>  j,  •  H 

a  **  .  a  r  -* ■ 


J  j  »-»  -J  *- 
<  C  2  4  ILOI 
J  U  Cl  U  H  O  I 


t*  JJ»I< 

r  : 

4  7  1  •> 

:  at  *: 

1  u 

>  .4  .J  .J  2! 

:  j  .j  j  m 

1  Al  <  «*  3? 

I  U  O  O  O* 


ft*  O 
CL  O 
^  ~ 

2  2  Ui 

•  •  O 

u  1  I  » • 

tu  c  o  o 
c,  •  •  M 
y  *•  *+  * 

O  U‘  i..  H 
t-A  C-.  C  It 

•»  f 

*  A  CN  N 
O  >-*  -»  O'  **> 
•T  —  ~ 

JlL  U.  OO 

.^h  Nt  a 


D-10 


J=l» 10’  Otk  J0LC93 


WI.MMSD  tI*J)*ARE4L(XfJ)  0JL100 

SO<TXVt»S  0  jt  110 

CALL  Ll:tV\Ft*imZDtlOlO£*t  ia»IO!iARfA»l#TXNV,XER>  )0L120 


nooo'aoLinooo  3ooo3*>ncjoooaao  000000-5000  -> 
IO  .*  tTi  OK^StnvCMfO  t  ‘f-  5S(CO'OMN»0^«N  o  n  »  *  r»  *4  w  *0  1 1*\  jn  <0 
r4  *-i  ^  ^  eg  \jf'JC\jCJ(M<MtMfMCO*irOf'or'j  n  «  •'i  eo  *"i  r  -f  •J'  ?  r  ~  f  ;  ^ 

■X  ^  -x  ^  v  j  J  r-rj*  /  J  jt  J  ^  ^  1  J  jt  ^  ^  f  -/  w 

o  o  a  o  .5  o  n  .*»  1  w  o  a  ion  "»»i  ■>0000-5  j  j  >0  3  >  >o  a  n  o  j  a 
0000  00000  o  o  o  o  o  3  .5  n  o  d  o  o  o  000  000000-100  >0 


A 

I 

«H  O 


O  Ul 


* 

• 

z 

H 

♦ 

<  ♦ 

N 

1  O 

* 

4-  4 

CM 

Ul  Ui 

4  * 

•k 

a  of 

04 

CO 

X  Of 

«< 

» 

t 

Ui 

►-  0 

Of 

• 

CO  4 

>- 

0 

Ul 

* 

04 

M 

>-  : 

c 

1 

t 

04 

t! 

<  Ul 

of  ^ 

Ul  » 

w 

X  X  A 

O  CD 

M 

» 

2  4 

L- 

M  2 

H 

% 

0  4 

CO 

a  10 

•k  «V 

« 

X  4 

K 

0  3  4 

or  &r 

r 

: 

V'  4 

▼ 

V  '  X 

Ul  Ul 

**k 

Ui 

X 

CO 

* 

UJ 

4  X 

e  0 

k— 

*-» 

2 

♦ 

2 

1.  0 

Of  2 

O 

<0 

or 

0 

* 

ji  ii 

Ul 

to  to  0 

0  0 

•* 

> 

»- 

Of 

• 

O 

*—  h 

H  H 

H 

to : 

4 

> 

2  ♦ 

w 

z  a  >• 

•t  •» 

• 

c 

V 

* 

*  • 

UHOJ 

O  O 

4 

0 

ft 

4 

X  , 

V 

x  Of 

X'  X 

Ul 

Ui  t/) 

t>  » 

2 

»U  L- 

*  r. 

cvr 

n  h 

111 

X 

p 

♦ 

«r 

-J  to  UJ 

O  ^ 

4 

z 

> 

M 

♦ 

uj  a  t- 

UJ  *4 1 

af 

<  : 

M 

1* 

>-  4 

Ul 

3  4 

L’  Y 

0 

j  *• 

O 

»- 

4 

19 

x  *0  Sf 

2  < 

2 

<  or 

*■* 

< 

ar* 

2 

.4  4 

M  ^ 

« 

U.  UJ 

4 

4- 

X 

» 

uu  4T 

«T 

<f 

2  ft. 

T 

0 

*T 

! 

r< 

j 

to* 

T 

•-  ■*-  HI 

•>  * 

U  Of 

c. 

2 

*7 

U» 

U 

* 

V 

a  • 

•k  * 

O 

4  3  CO 

4  •* 

•* 

w  r> 

Ul 

H 

Of 

X 

> 

4 

•• 

X  -1 

l.i  tv 

M 

_4 

5T 

XV 

_  «_ 

1 

•» 

« 

»A  4 

^-k 

n  k— 

K  ** 

X  •> 

l* 

*0 

*4 

» 

2  4 

•k 

«•» 

h- 

M 

u»  0  z 

<  *D 

<1 

H 

O 

2» 

rC  V 

M 

II 

♦ 

O  * 

S' 

0 

X  IU 

uf  tn 

UJ 

a: 

2 

4 

•> 

*  vii 

H  ~> 

♦ 

-1  » 

w 

-c  X 

0 

>-0  X 

O  •» 

a: 

»-  0 

•v 

Ul 

x 

•»  k- 

•* 

•» 

♦ 

-1  4 

Ul 

*k 

-0 

I- 

Z  fcl 

x  0 

4 

<  »- 

cr> 

a* 

w 

-l  z 

: 

L 

<r  ♦ 

V 

•4 

UJ  J  J 

•»  Li 

X* 

2! 

2 

w  ^ 

w 

O 

V 

* 

«* 

H 

2 

0 

O  wJ 

2  r. 

X 

a 

jj 

r»  ►- 

2 

•k 

* 

Ul  4 

0 

2  2 

4  2 

w 

•  UJ 

J 

~z 

4 

<  oJ 

O 

♦ 

2  1 

(/>  Y- 

a 

•— k 

4  3  X 

CD  M 

I 

0  u 

r 

01 

ul  3t  V) 

H  M  V 

W 

4 

-4  4 

-i  <c 

0 

CM 

X  X  ■< 

O  2 

»• 

•  * 

u 

L  «. 

•* 

• 

r— 

•  -  s 

r 

J*. 

V 

• 

O  u. 

w  w 

u  cr 

u-  £ 

r 

a 

U*  UJ 

0* 

•> 

< 

% 

a  * 

cr 

O 

O 

ui  »- 

H  »- 

X 

5* 

> 

X  :«r 

1- 

0 

u. 

•J 

•» 

I-*' 

rr 

1 

0  4 

Ul 

0  •-« 

UJ 

0X4 

_»  J 

•» 

•> 

•» 

1-  of 

7* 

Of 

«*• 

* 

rr  c 

rJ 

•-« 

4 

■v  « 

77 

7T 

f“ 

« 

i-»-  ^ 

—  0 

H 

w 

u 

k-«  U' 

r* 

>1 

0 : 

II 

H 

•V 

Ui 

c*  * 

0 

• 

7 

r  > 

:  :  : 

1  r 

11 

II 

•k* 

0 

*  «% 

a 

a 

1- 

H  •* 

fl 

O 

*U*» 

w 

a  ♦ 

i> 

M 

*-* 

5 « 

♦  *k  •* 

r  i: 

n 

-*• 

• 

a 

2 

Cl 

a 

O  » 

V-» 

«« 

• 

_ 

b*t  • 

7T 

to 

* 

•k  tvJ 

lj 

+  m  • 

KV  •-»  »j! 

► » 

h  V- 

M 

c 

T  C- 

*3 

Ul  «• 

h  r 

1 

4 

O 

t* 

L* 

11 

-* 

»-  »-  »- 

J  JC 

r 

»- 

2  2 

-1 

»« 

.0 

a' 

UJ  ,T 

tH 

►- 

r 

O 

— • 

a 

. 

10  * 

Y 

ui 

2 

n  i- 

;•  if  2 

j  j 

*■ 

■J  M 

j 

n 

H 

C" 

X  M 

>0 

w 

n 

S 

H  4 

fr* 

X 

M 

4  co 

w 

-«  '4  '-c 

<  4 

O 

O  M 

0 

~  1 

< 

X 

a 

*C  L— 

O 

77 

a 

U 

0 

J 

2 

, 

X  4 

a  rH 

V 

•a 

H 

u 

.J  f  ' 

mi  jT  =1  u0“.9a 


KEAO*,MM,MN,CO*REC  OwtECO 

Rt'AT  (MM,SM)»CORREC  C^Vs»10 


00*500*3/3  0000  C3  3  O  3  O  O  O  10  30^000000000 

tsi  »o  #  ^3  s  e  r  ->  »-•  fo*o  ,r  ^  ^  o  <4  (nj  n  ^  r\Of«*  «  7*  3  n  I*)  ?  x\  u5  s  t> 

ia  j\  a>  at  at  w  a.  o  45  j  *  0  £  -5  w  *>  r*  ^  ^ r-  *•  43  *>  o  ©  <o  o  a*  a>  o 

-t  ~T  -J  ;  w  JT  .4  4  4  4  4  4  444JJ44J.rJ  4  4  J-  f  4  «f  w* 

O  1  <*>  *5  *t  1  «  O  *»  5  I  500  5  r*  5  *)  J  1  3  J  O  O  O  3  J  3  3  ^  5  O  1  i»  O  ?  O 

*50^30300^  303  0  0r*0,5tQO«,jOO',»3  0330'3  3  Qi  3  3  O  3  O 


TMiS  f-OGSAP  0I5CKETITES  THE  (4,9,C)  SYSTEM  AND  PROVIDES  THE  «ai>fc*9 


on  o  .i 

O'©  >  J* 
*  *  *  4 
9\9  .O 
9  0  0  0 


no  >o 

O  K  -O  © 
rg  f  J  IV  <V 
M\  „\  u\  ON 
-»  *j  n  v 

0  9  9  0 


-» 

o 

A 

• 

UJ 

t4 

t 

#•» 

V 

* 

«*. 

X 

0- 

z 

u 

o 

Ui 

•k 

* 

«c 

•k  «N 

H 

X 

*- 

X 

N  o 

w 

N 

•A 

«C 

* 

X  H 

X 

M 

>• 

OS 

o 

o 

•k  *k 

4 

•k 

<A 

CD 

z 

N 

«4  O 

tn 

A 

«k 

4 

(MB 

X  »4  •» 

•> 

ai 

*-  J 

4 

X  •  *-» 

V 

•>  < 

111 

* 

X 

U  M  Q  O 

« 

V* 

OS  Ui 

X 

>• 

H 

UJ  H 

9 

v4 

•  O' 

H 

*»k 

r* 

K 

n  w  r  * 

H 

w 

4 

4  < 

K 

H 

H 

O 

a  *  x  o 

*  ^ 

fr* 

X  I 

•k  *k 

X 

-j 

u 

^  1  «•*  -4  «4 

3  O 

A 

H 

<  « 

Ui 

4k 

H 

CL 

«  fft  9  x  ^ 

H  »4 

N* 

<5  A 

UJ  uJ 

0* 

•  o 

a 

a 

h  v  M  •»  a. 

w  *. 

r> 

M  O' 

.If  .V 

Ui 

UI 

4 

< 

z>  O  •* 

N  O 

c 

Of  Ui 

«x 

z 

X 

> 

O'J  C;  *  tn 

•»  ^4 

O  >~ 

X  X 

u 

z 

tf 

v> 

y  rn  h  2 

X 

z 

X  X 

«0 

H 

S3  *•« 

x  •»  h*  e?  m 

•*  < 

O' 

X 

t 

©  © 

o 

«k 

CD  JC 

h  •  j  »n: 

»  U. 

a 

r- 

2  Z 

«X 

O  JJ 

scoy^  •* 

o  ur 

A 

•»  •. 

UJ 

UJ 

•  «6 

s  n  z  <t  r, 

^  o 

UJ 

Oi  £ 

** 

CD  CJ 

X 

z 

>•  • 

2>  NX  u»  9 

w  *> 

X 

M  kU 

r- 

>  :  x- 

►* 

4 

>-  ui  «* 

o  ■»  •  V  *4 

2  ^ 

M  N» 

•k  *k 

Hi  UJ 

Z  H^kU  *. 

H  -3 

N  U% 

ui 

z  z 

00 

O 

ON  X 

►H  w  k-  V  9 

M  k-. 

CA 

w  >- 

X 

*k  «k 

Q 

z 

Wk-  o 

N.  C  ">  X  H 

O  • 

00 

ft:  A 

•-# 

©  © 

X 

» 

as  cl 

*-»©•*•  — 

‘3  n 

•Jl 

O 

V- 

•k  «k 

H 

o 

4  ui 

r  r  *  ~  * 

M  v4 

of 

vs^. 

u.  u. 

u. 

o 

J  J  N 

o  *r  fo  —  « 

in  v 

c». 

H  CM 

o 

V 

£ 

o 

•>  J 

^k 

a  w 

*• 

N  U 

©*  nf 

«#.  j  ••  * 

«  -t 

<A 

• 

o 

H 

*u  ui 

* 

t 

«T  • 

•k 

Of  <  Ui 

«H*^VOVC«NaU> 

Ui 

Q  Ut 

w* 

Ui  U! 

0* 

(A 

X 

z 

UMN 

T  -i  7  •<  k«r 

»»  »✓ 

r> 

*> 

N  0\ 

A 

#✓  O’ 

h>4 

W4 

•  0  M 

•k 

«r 

•-»  -  X  - 

fkt 

ry 

Jf 

T 

y  y 

©  cy 

© 

OSt» 

0-9  -  «t  •*>  O 

■»  « 

H- 

r  «s 

< 

o  o 

K 

X 

►** 

7 

U  UJ  4> 

2  ««  UJ  h  X 

H  m 

X 

• 

A  ~i 

V> 

M 

H  ^k 

*L  < 

•k 

•  >  v 

***  •>  uf  •*  • 

3 

</> 

ii 

*-l  4 

•J  -J 

4fO 

X 

CD 

OHO 

SCJM  tf  t>.s 

Of  w 

M 

a 

X  CD 

l»J 

J  Jo 

N-  U. 

I-  *k  UJ 

r  ^ 

•o  ui 

hO  •*  0  T1  I 

«f  •» 

X 

CL 

X 

•t  <J  _> 

.7  «k 

-»  rr- 

X  >* 

•  » 

W  h 

-J 

onyo^wr « 

D 

©  «u 

s- 

UUH 

X  X 

X  z 

rv  h» 

O  M 

<  «c 

4 

zy *t  **oh 

© 

’.0 

O  X 

«K  «*> 

•k 

M 

n 

ui  o 

> 

v.  s  ^  V  N  3  S  ^ 

o 

>•  N 

ftf 

HWQ 

Lu  X 

©  2 

U.  J 

U-  o 

w: 

c  a 

•T.  ^  .  T-» 

m-  * 

V 

H 

u. 

•  •  r 

w 

w 

V.  4 

*“■ 

m©  r 

x  a 

ZOCC  v 

CUL. 

• 

Ct  IM- 

c  c. 

u  r 

UiX 

c 

>- 

H  u  X 

H  S 

•-*  r  kr-^ri.c 

C  •*-  ©  s 

n  c  if 

u  u1  n : 

x  k  : 

rK  K  < 

H  O 

•  u 

in  n 

«f  M«kHM  « 

Hr^  Jf: 

M  0* 

«• 

ii* 

•  •  L* 

Nk  7 

U-  0- 

O'  -4 

^  fO 

r  x  **  ?:  x  «  ?  >t  t  ?  »o  • :  t  :  a  :  .\*  *o ^  :  s  »-• 

I  V  S  ?•>  \  s  •  N  *L  «Hl>  •>  fifth  « S-  V.  V>  CL  •*  *•  *.■ 

•.  *  2  •  *i  n  **  •  *  «  >i  »  •  •».-  ».•«  »*  n  •  •  d 

►  o  o  r.  o  o  «.  c  ^  ii  »-  «  io  i—  u  v*  *  h  ♦  o.  n  r»  *-  *• 

•  r  v  o r  c  *»  v  rid- r  a h  *i!  ?.  2  j 

\  ***++*•  V  -4  *  +  (\  W<f^MMk4fr».4iTwwwH  4  J 

l  )wDO  J^O.*Oafu4.«u  *  ’U  l<>ltL  UlL  4’  x 

looDuoooHwa  v-4U.a.a  v*a  othhh  a  a  o 


*-•  s  :  * « *t  -j 

•>  •»  *.•  a  c 
a  ...  a  .» 

►-  v-  'n  i~ 

j  r  2  j  s  i 

J  -  4  4  J  ^  C 
X  f.  i  N-  O 

oo.au 


OO  JUO 


D-13 


•*CD 

DO 

u 

•»  «* 

to  Z  to 

COO 

•  H  | 

oo 

to  • 

X  X 

*  to  % 

or  a: 

•  ui  to 

u 

to*  •* 

««* 

to  of  « 

r 

<  4 

X 

#  O  to 

H 

Ul  ui 

Ul 

to  1-  l 

4- 

M 

to  (A  • 

«r  4 

to 

*1 

to  # 

O 

Ul 

t*  or 

O 

4  0  4 

H 

1 

4- 

o  o 

« 

VI 

•  z  » 

•» 

>■ 

u 

X  X 

1 

to 

M 

to  «X  • 

O 

»- 

■  Z 

to*  9k 

-l 

to 

▼to 

H 

u 

o  o 

>* 

y 

X 

to  VI  to 

to. 

-J 

0 

Ui  Ui 

4- 

* 

H 

to  Ui  « 

o 

H 

H 

X  X 

M 

X 

too-* 

•* 

« 

o 

2  X 

•4 

to* 

to- 

M  . 

< 

►to  H 

M 

* 

o 

< 

to  4-4  # 

•J 

-J 

Ul 

X  X 

C» 

Ui 

▼to 

X 

to  4-  ♦ 

▼to 

-1 

X 

9>  •* 

X 

to 

*  <  to. 

«* 

o 

4- 

U.  to- 

> 

4- 

o 

-i 

#  r 

O 

•*  •> 

* 

40 

Ul 

•  to 

▼to 

*- 

vi 

z  z 

Ui 

i/l 

to 

X 

•  o  ■* 

* 

o 

•*  u 

CO 

O 

H 

z 

to  X  V 

o 

o 

2» 

OO 

C 

z 

T 

«< 

♦  u  * 

2  •* 

o 

H 

z  z 

o 

►to 

to 

X 

to  to 

•» 

to. 

•»  9k 

to. 

Z 

•  tok  » 

r  «* 

UI 

DM 

III 

to 

i*i 

to  U»  < 

«*H 

T 

X 

r  r 

X 

M 

r  ^ 

to  4"  V 

J  » 

M 

a 

w  w 

H  «% 

** 

2 

*-•  •j 

to  -i  «J 

►  3 

w 

-  Ik. 

«A  #« 

U  WM»  V 

to 

9m  V 

•  O  to 

•  \  %■* 

P0 

r  it> 

COM 

r 

z 

to  M  < 

•*  w 

ul 

OOK 

o  o 

w  rr 

O  Y 

o 

Ul  x 

4  4-4 

■A  *0 

X4H 

h  I  a* 

^  4» 

X 

4*  •* 

•  ml  to 

to*  to* 

Ul 

a: 

J  J 

j  ► 

A  * 

X 

4J  rto 

to  O  « 

<  "-* 

tfvi 

•>  4- 

J 

X 

to  J>  .*  Z 

to  X  4> 

u  1 

O  H  W  Ul  4 

4«lwiOH  •* 

u 

a* 

•J  O  to 

♦  Ul  ♦ 

4-  H 

VI 

Z  X  X 

O  U-0 

O  IM 

X  J 

o 

r  wn 

-1  •> 

H  K 

»w 

HK2 

4*  -U 

X 

H  Z 

to  2  * 

D  -» 

OMS  >- 

fIND 

O  .H  w 

V 

ZOO'" 

♦  HI 

r.  h 

».  M  ^ 

III  t-  X  O  M 

s  s  mV»?  «»> 

•»  ^r.  a*i  s 

»  •  a  ft  >  •/ 

t  H  ff  M 

X2  JM  J  I- 

MH  JH  n  r* 

A*  Jtf  «t  X  <P  O 

Kao»-o  o 


•  wu.2 

r  c  u,  i-  r  o  t 

(u  tu  o  :  <  i>  x 

•  %  V?  V-  T  7  u 

«»?  rA  ia  ^  *  j  i  *  «*: 

S  vHU  •>  •»(.'  a  H 

•/  u  <•  it  •  IL  A  Mi 

H(VC.3l-h  V 

»-  M  1  V)  <£  S  ^  VI  O 


OU.U.L 

UHHHI 


v  »  I  > 

U.  UJI 

U  O  T  I. 

Jtf  »•’ 

r  ?  a.  •**.  o 
—  >  c»  *  a  ** 

♦-*  r*  ♦-  w 

- IVT2JH 

J7PI 
3  4  U.  4T  «t  O  Z 
o  o  m  a  u  o  mi 


A 

uuui 


mC  *  k 
'  I-  rt  ri  M  ; 

.  n  vs  ii  h 

4  c  h  y  • 

*  2  *J  ts»  <\i  i 

k  m  ^  * 

*  5  »-o  ^ : 

*  (AOOCU 


%  ♦ 

♦  I 

uuu 


D-l4 


RET'ISt*  JJi,e7a 

zt.j  o'jveoo 

(«••»«<■  **  *4 *•*••***.•*• •»•  Oui  6^0 


c  'ms  subroutine  prints  out  the  cont  ano  oes  matrices  o«sm 

c**‘**'*"*'**-**'*'*  «.»...»«» *"•“*> ».•*•< v. *.**«.••♦•**, v*  uwsrio 

SUBROUTINE  PRINTM1(M,4,E«T>  03S/2U 

OX1SI3TOI  EVAT(3«,lg)  flci730 


«<99Op^9O93eOO*9OC3<,>0QOe99O93t>D>apnoOnO«4 

\  J  ft^)\'ncnnHNn  -t.fVvO  S.«5J*  -)t4NM  t  S'  Cs  o  O'  ^  N  fO  i  ft  2S  4 

.  Ni  >  *•  ♦%  f*  ^  ®  «  o  o  3  <v>  -3  oaT(T7'0'j'C^cn-'3'Ja  j  o  j  o  j  3  j  <a 

i  «IN  J\  h\  ^  4.\  U't  <T  A  Ut  U<  'A  kl  4>  •>  iX\  'S\  %A  U\  JS  JS  k>  UJ  <3  «C  «u  <d  J  k)  44 

•  40  10^3  *  O  o  ■>  '  3  3  3  3  >0*3  1  1  tU  J  >  “1  3  <3  -  j  3  "  3  3*0  i  J 

•  0000^3  30-I03030‘t30<303300330900  5  3  3  n  O  BO 


As 

4  » 

Ps 

<  ♦ 

O 

3t  » 

*4 

o  * 

At 

Ui  4 

o 

H 

zo» 

a# 

HH« 

K* 

r-  * 

•> 

Vi  <  4 

Ps 

4  r  * 

Jk 

H  H  ♦ 

p»  4 

M  • 

H  A 

c»  o  * 

z  r» 

S  « 

A  H 

<  a  » 

4  — 

^s 

a.  4 

X  < 

•4  PS. 

M  A. 

(PS 

As  p^ 

►—  # 

4  PS» 

-> 

r  ~ 

* 

lit 

p* 

•» 

•s  V 

4  U>  - 

As  H 

ps  p* 

1-4 

4  4 

«*  H  * 

•<  A 

V  o 

w 

H  «s 

r  <* 

UJ  3 

w  UJ 

O 

n  4 

<  UI  • 

•s  H 

h  X 

UI 

•»  • 

^  irt  # 

4  ^ 

-t  X 

X  <p» 

ps  fo 

ft  A 

t»'  4  ** 

O  M 

X  4-1 

”>  *4 

XU* 

O  Z  4 

4  X 

H  A. 

*>  4 

Ui  4  ‘ 

Ak,  H 

fa.  •* 

X  2 

•-•  r» 

S-4  • 

Wl  *1  «S 

V  ▼ 

*  AS 

V  H 

W  T.+ 

»Ul  n 

•J  A 

—  X 

H  ~ 

3  H  r 

X  •*  *4 

UJ  z 

1  As 

«  4 

Z  U.  v 

SP  PS  »p 

o  * 

r  * 

h  3  if 

V  Z 

PS  M  •* 

tsi  4 

U.  H  * 

4  M  <  ps 

•  * 

**  4 

As  M 

4  0  4 

or  •*  •.»  n 

v  o  u  3  «s 

**  O' 

•)  *t 

;?  5 

H  * 

Z  UJ  » 

to  4  a.  *3  -J  4 

•s  CD 

A»H  < 

<M 

HH  ♦ 

M  *■*  «-*  •  IU  W 

M  O 

O  <  UJ 

ps  H 

1  *  *A 

C-  V  >-  L<  r> 

1* 

*P  A> 

Ufa  A. 

C  •» 

2  c  t 

il'HZZ  H  II  X 

X  X 

Z  «  ^  2  Z 

X  II  <  X 

4  c 

o  t:  k 

UJ  k  «  A  <s  Pt  14 

As  P 

•*  n  w  *s  »s 

X  PS  4*  A 

as  T 

V  ^  > 

rj  -4 

»4  p*  J  s4  H 

4  4 

»“*  4  *  J 

er  v  • 

M  O  H  II  11  *s  •»  I.M.’ 

M  II 

ii  -» i.;  r*  «  « 

7  » *<<  fa  T*  II 

w  w  O 

5  i-  . 

H  H  v  i  O  h  li  ||  « 

V  H 

.a  j  ...  -i 

II  *0  *  2-  (.4 

t“  *Z  V 

v> 

3  .a  r»  .  -  a*  ^  ^  :* 

, 

3  X  3.’  w.  v» 

ps  v  ;;  z  j-  .. 

U' 

«*  » 

O  T*  |«*  ,*S  P»  A.  h  •»  M 

«~s  IP 

•a  vH  Ui 

a»  C  *-  D 

V)  4 

X  it  X  -t  rl  g  X  .  1- 

.*  r» 

HCC  -  J  HH 

*  7  i-  h  j  ,n 

sy 

M  4  4 

»AT  ^  M  w  H  ■* 

17  J 

H  H  J 

1  O  J'J 

S?  V 

X  *.«  . 

3hhOJ‘. 

OOO'Doaao 

**4-3040 

3  fa.  o  ^ 

'4  » 

A-  >  A 

V>  O  3tClCiJU.N>uOOCUOOaO 

u 

NWOOC  O 

o 

o 

o  r> 

o  o 

3 

O  4 

H  *M 

u  o  uu 

rt 

H  «r 

D-15 


006100 

vi#  corrixuz  j#6ito 

DO  Oc-6120 


OJfcbvO 

00  l'».L»2»HK,i  0JO510 

CALL  ^irjLT(F,WIN«E0,V3RA^EA,N,NfNe>  UotSZO 


n000'3J30*5'300Q  9  O  l?  .*»  O  a  O  O  90  30  O  T  O  O  O  O  O  O  O 

n  }!/\<AKO  f  A  J)  N  1i  9»  ^  ^  tf*  L>  s 

^  -UA  UM*>  fl  J  00  JJJJ30JS>NNNSNN,^3J!»OOii3  O 

j  jo  J  ii  J3  j  vou)  <j  «n  d  J  o  o  J  o  o  >j 

3  3  0  0  .  >  “»  J  *i  J  3  C  f  O  J  :»  J  U  .)  3  0  0  3  ."»  3  >  .J  C.  >  )  ">  3  74  3 

o  nonooo*?  oajnoonooo  aaoonQoaJOoonoaa 


hi  < 

22  'jj 

4  ^ 

Of  c; 

O  X' 

H  HI  O 

*  »«  5 
o  r  ^  h 
at  2 

*  *  ♦  n 

H  H  H  •» 

«  r  2m 
••«  1  S 

•  *•  <••  »  •  Cj 

r  ^WH 

*4  •*  C  V 


X  -4  II 

*^3  V< 


t* 

*> 


CM 

z 

•k  A 

L)  O 
•»  r4 
*3  •> 
O  ■=» 
c  *-« 
or  ~ 
•»  o 


«>r  o 
<t  H 
1*  •* 
«*> .» 


o 

z 


o 

2 


lu 

< 


*- 

•k  rk 

00 

X 

of 

n 

Ok 

«k 

n 

10 

r 

e 

w 

3 

o 

o  •* 

,v 

UJ 

w 

» 

z 

2  3 

•k 

S»  X 

o 

o 

h. 

H 

••  H 

.>  z 

hi 

J\ 

•k 

h. 

O  ~ 

kl 

CM  M. 

Tf 

CM 

O 

a  o 

H 

*** 

3 

2 

hi 

hi 

w  Ui 

•k 

"S 

o 

•k 

*-« 

O 

Z 

2 

in  r 

O 

•» 

1- 

U. 

3 

b~ 

z 

H 

a  z 

H 

M 

■k 

n 

•k 

H 

•• 

j  i . 

w 

c 

o 

w 

C 

w 

c:  u 

^k. 

O 

I* 

X 

w 

D 

3 

U 

X' 

tz 

u 

c 

%0» 

x  z 

•> 

O 

z 

** 

21 

O 

U. 

•k 

•> 

II 

*"k 

•k  « 

•k 

^k 

•k 

»- 

•k 

•» 

•» 

7 

*•4 

♦4 

*-* 

J 

H  *4 

M 

M 

INk* 

_J 

•M 

u» 

t^- 

r* 

►  «  o 

6 

H 

II 

U.‘ 

• 

7 

It  II 

♦ 

•l  • 

• 

It 

*2 

11 

v  r 

.  •» 

4*4 

H 

n 

•k 

Z7 

c 

M  *3 

CM 

r 

y  o 

-1 

r 

■  4 

♦  7? 

7* 

A 

r>  i.  i 

i/> 

t 

z* 

IvJ 

y 

'  .  „ 

2* 

r- 

•4 

>.  ■ 

*4 

r 

\ 

H 

*4  N 

cr 

n  7 

r« 

■3 

C> 

H 

• 

C*»  M 

o 

k-» 

M  M 

• 

1 

* 

*>) 

7!  — 

n 

•A 

•it  <il 

UJ 

CM 

CM  .*P 

r 

>- 

V 

J  M  CM 

r  k 

— 

Z 

CM 

-J 

CM 

i  -• 

it 

A— 

r 

M 

»•»  *• 

it 

*«» 

-1 

M 

ti 

~> 

•1 

M 

_i 

5 

-C  O 

u 

X 

=>  *1 

-4 

U 

D 

c 

tM 

O  U. 

«4 

O  O 

II 

cm 

r 

O  N  lL 

z 

o 

O 

o 

JOJfU- 

0  o 

Cl 

a  o 

IT 

2 

O  H  U  O  O 

V 

•» 

r»r  o 

Z 

H 

z 

o  o 

1) 

o  ou 


•I 

CM 


CM 

CM 


CO  2  l:  J:l,uc  JuttlOl) 

<vHJ3(N2*IfJ)  a  WOJ«.AkEA  (C  »  J>  l)Jb«*0 


Ill  ~J 
T  ft. 
ftr  w  j: 


«  «* 

«x 

4k 

«■  -J 

O  (O 

O 

4>  X 

k- 

44 

•  o 

•jj 

4k 

•A  ^ 

_1  »- 

• 

• 

* 

% 

«  UI  H 

o  *« 

Z  1 

* 

• 

* 

4  X  41  U.  H 

o  ♦ 

♦ 

4  H 

Ui  V 

w  • 

4 

• 

• 

<*  k-  (/)  </1  0. 

•-  4 

4 

* 

• 

4k  1  UI  3  O 

«t  4 

«■ 

♦ 

4k 

%  UI  O 

o  * 

* 

♦ 

*  HH 

to  a 

H  * 

♦ 

♦ 

* 

4  UI  Cl 

M  ft. 

u.  4 

1 

« 

« 

4k  V  k- 

H  » 

» 

X  4 

4k 

4  04 

i/t 

ftf  ♦ 

» 

M  4 

4k 

4  (IX 

-4  U 

ui  * 

• 

O'  4 

% 

e  H 

X  O 

>  a 

A 

H  ♦ 

4L 

4t  O  J 

k- 

• 

t 

<  4 

4k 

4k  UI 

*4i 

a:  * 

# 

£  4 

4k 

4s  UJ  V 

o 

o  • 

A 

» 

4> 

4k  x  2 

•  H 

t 

u.  « 

« 

J  4 

4k 

4  H«t 

UI  o 

lit 

4k 

4k  X 

r  x  7 

X  1 

* 

V  4 

4k 

*  to 

H  JO 

r4  « 

4- 

Z  4 

4k 

4k  r-  O 

r—  M 

At  * 

A  A 

♦ 

<  • 

At  At 

4k 

4k  in  X 

UJ  k- 

H  » 

H  A 

X  . 

H  *> 

4k 

4^4 

O  X  <x 

<r  * 

►  A 

A 

V 

A 

4k 

4k  J 

z  k  y 

X  • 

X  X 

_• 

Ui  r 

2  X 

4t 

4k  ► 

A«  UJ. 

4 

A  H 

A 

X  » 

A  H 

«- 

4k  iOk- 

J  Z  3 

<  ' 

H  A 

♦ 

*-  *  A. 

rl  A 

4t 

*■  'X  4  CL  0  -< 

♦  ^ 

U  4“ 

• 

4  h- 

II  ^ 

* 

4k 

r  c/i 

D  * 

* 

H. 

3  * 

% 

«k  1  H 

«»  —  2 

D  *  *T 

a  r' 

% 

r  ♦  «4" 

a4A 

4S 

4  Jl? 

*o  •*  o 

O*  X 

A  H 

4 

O  V  O 

a  yr4 

4k 

4k  lUrf 

M  O 

il  c> 

->  Ul 

> 

4  A 

->  uj 

m 

4k  X  > 

U.  c 

•A  *  «, 

A  A 

U4.tr 

A  A 

fe  ft' 

A  fV  7 

? 

• 

1-  t  A  ^  M  ^ 

4k 

e  iaci* 

*-  H 

H  til  *if 

^  tJ  V  D 

o  /  4  u 

lU  l-«  M  M  f-  * 

*  i-  r  i-  3 

N 

MMONOu.  £r 

X  V  U  Z  O  -V  ui  4 

*  * 

♦ 


».  '?  w  v 

K  w  t-  1 

a  «t  » 

x:  o  t  j 

h  H  O  #— 

2  v  v  v 

S  H  «  * 

*  <  -«  M 

0.7.  r<  •  ■ 

C  *>•»  « 

•it  r  «-*  o 

■?  t  a  -«  r* 

C  H  *>«il'| 
I-  H  H  O  -  Z 

r>  w  ^  ^ 

c  ~  i>«  m  < 

v  u  w  h  r  h-  : 

fl  V  *'  “*  t 

S  .-c  O  :\  DO 
V>  O  O  X  U.  u  . 


c  .*»  ^w 

**  W  r-  f 

CM  a  <  a 

£  i  r  j- 

M  O  r-» 


C  •.  <N  A 

UI  r  r*  \» 
z  r  •*  -» r 

M  O  r<  *•  •-<  |J 

►-  m  u  u.  w  to 

3  l/«  ri  ^  *  1* 

O  -•  ”*  !»•  -T  H  O' 

„  ■  u»  cm  »-  >.  •-  r< 

4~  M  V  I 

O  f~»  O  .r.  o  o  u;  ! 
iiac  Jiioa: 


:r  *> 
o  z  >: 

HOW 
i-  o*- 

O  C/I 

x  o;  >- 

D  UiV> 
U-  X 

I-  L- 

<  o  x 


At  4.  I_*  «* 

C.  t 

•»«*  rr  n 
.t  *  i  o  *r 
—  «■  o  _J 
>*  ®  *r  -J 
•1  «:  1  C 
-J  «*  £.' 

O'  *  VI  V- 

’«•  -k 

>  C  X  D 
mu 


OO  vJOUOOO 


PK3G.!!M  ’UOTSIV  0J/Z93 


LoGICCl  SUP  007300 

OIHEilSIO  I  ini<l7>  ,10  2(17)  ,103 ll/>  ,10*,  (17) , ID!>  (1/ )  ,  106(17 >  007 31k 


09  3  0  0  9  3  a  *J  O  n  D  »3  O  O  r  9  'J  =»p^9900090*999090  990 
MO  ^  ^  0Xt>7k93*MfO.xtfN  nOJ'C'-<NW  *  IT,  t>  x.  n  'T>  S  H  N  »0  c  ^  p  S 
rj  n  «  io  h  •>  »o  7)  /  N*  C  j  g  4  4\  .n  ^  tf.  .>  j>  ^  J  J  J  j  j  w 

NKKN>,»o.(wrvK.SKNSNrv.KNNSsN(^N>'l<>i'«  v  K  K  (V  f*  v  N  7  !>•  v 

■> 9  •"*  9  9  *>  o  9  3  '  .)  :  3  i  i  n  ?  ^  j  ^  >  **  t  .)  j  i  .1  <  a  j  j  j  *»  3 

000  9  0990090000  90  90909  9  9  900*90000000  3  9 


•  o 

-p  o 
9  T 


X  3  -.HP 
X  <  W  •*  o  ph  hp 

o  r  ^  hp  *o  n  o 
zero *ww 
d  v*  h  h  a  r  p 

CL  »*t  p>0 

y  -  I 

p  O  PM  )- 
H  3  «  ^  .1 
D  »<  c  O  V  -  p 
o-  vi  jr  ->  .-o 
y  z  h  £  i 

« «  «  p 


;  3  o 

pH  H  H 

J  ^  - 

^  .1  p*.  3 


p  P  “» 


I  rt  r< 
3  •«  C/1 

•»  9  *» 

-  W  J 

9  ~  3 

t4  2"  •» 

•>  <4  -« 
O  C_'  •.-> 

3  1 - I 

^  3  X 
U.  1M 
Z>  p 
-  Si 

X  -  <t 

•k  w  X 


X 

r  x 

* 

o 

e» 

— 

— p 

H  9 

V 

X 

»H 

c  <* 

*«* 

. 

3 

2~ 

«p 

«  ; 

P.  p 

/ 

/ 

V  V 

V 

V 

/ 

/ 

/ 

X 

/ 

/ 

X 

X 

X 

X 

X 

X 

X 

X 

V)  X 

j 

♦o 

ph 

•* 

<- 

H 

•3  V) 

• 

• 

X 

Ul 

X 

s 

« 

p» 

4 

— p 

H 

— 

p-«  t 

hJ 

r> 

UJ 

H 

U) 

3 

3 

UJ 

7-4 

r> 

HP  •* 

p. 

3 

Ui 

3 

^  X 

3 

< 

HP 

ku  3 

<4 

HP  tJ 

3 

.y 

HP 

3 

x> 

O' 

o 

3 

3 

H 

TJ 

H 

<V1  » H 

3  u. 

X 

V. 

2 

3 

t:  o 

V*  3 

3 

7 

4 

3 

7- 

2 

3  3 

3 

ph 

«T 

P« 

PH 

PH 

O  « 

•7  V 

o 

o 

3  *1 

UJ 

r 

O  1 

«r  ui 

<r 

I  7 

9 

•a 

UJ 

«J 

■H 

H  i, 

p>T 

3 

3k 

. 

PH 

•noa 

>  *-* 

>-  > 

Ul 

4 

> 

>  r-i 

ki  pi 

> 

> 

r 

o 

3 

> 

» 

Ch 

X 

-  h  n  v 

* 

pH 

3 

X 

PH  3 

r— 

wA 

*> 

►H 

r-  i: 

il  > 

3 

r 

•A  r* 

4-4 

2 

H 

X  « 

ri 

2 

p> 

•“* 

3 

•3 

(A  *» 

3  T 

PH 

V 

»- 

•4 

PH 

iZ 

7- 

>* 

-4 

pH 

<4 

V 

7“ 

>- 

k-4 

X 

•tor 

I 

hp 

3 

►H 

H 

►  •  <  aJ 

3 

UJ 

•  < 

3  r  to  • 

<4 

7- 

X 

3 

3 

-t 

►— 

r 

o 

>  O 

»« 

p» 

3 

•* 

14) 

*/) 

HP  HP 

3  J 

►h  r 

4. 

o 

,u 

r*4  pi 

V  o 

3 

•»• 

X 

3 

_ 

4.1 

»-H 

o 

O  2 

p* 

hp 

3 

2 

P> 

p* 

t"h  h 

3  n 

Cf 

M 

*p 

3 

HP  -Sf 

M  2 

2 

1 

V 

M 

» •» 

”P 

.  1 

3 

<p  •» 

r-)  O 

p» 

~ 

p> 

•» 

HP 

p 

«p 

H  P 

i!>  — 

Pi  V 

V- 

H 

I* 

fi 

«f  *S 

k-  »-» 

l? 

*1 

k  4 

<r 

1- 

2 

O 

CL 

M 

*T 

N  H 

p  L. 

3 

K 

*9X0 

V-  ■ 

pH  fV 

P>  PH 

2  4 

H  »0 

l/l 

2 

i 

3  O 

u» 

2 

X 

c 

IV 

2 

1 

C. 

1/ 

H  V 

— .  » 

-h 

*> 

•H 

p»  -» 

^4 

* 

•  HP* 

kH  IP 

i  n 

l.t 

• 

w 

1  A' 

«•  • 

mi 

w 

HP 

•  a 

!•» 

«A 

PH 

HP 

•  A 

p*  M 

n  «*. 

— 

«*■ 

w 

p. 

P. 

«- 

pH  w 

I/* 

O  A.' 

3 

o  c 

3  • 

O 

C-* 

P» 

c 

3 

CO 

•A 

•P 

c- 

30 

'j  ') 

r» 

<f 

*  3 

c 

•H 

■  H 

—  */) 

• 

't  X 

a 

•H 

£ 

Ap  X 

/ 

a 

• 

Ck.* 

2 

O  2 

W  v>  M 

\0 

3  i: 

H 

HP 

*H 

”V  > 

•  ’.'I 

r- 

X 

r 

• 

• 

7- 

r  -x 

• 

• 

3 

cl 

r 

2 

• 

• 

w 

X 

.-<  p 

w  H 

w 

> 

f  ' 

p.  p. 

w 

— 

•H 

U  ‘H 

2  ■> 

2 

t 

X 

o 

2 

a  r 

2 

/> 

-r 

3 

X 

/) 

yj 

•  r 

H  w 

*9  > 

«r 

9  «p 

O 

3 

2 

c*  *> 

-H 

9 

V) 

«r 

9 

O 

/» 

3  > 

O 

V) 

V 

*t 

9 

cr 

hn  H 

J  O 

O 

p 

H  3 

V3 

v  » 

O 

H  P 

11 

o 

r 

j‘ 

o 

T 

T 

o 

2 

2 

o 

t*-  o 

tor 

hp 

O 

PH  3 

P-l 

3  H 

3  •-« 

X  X 

X  T 

X 

.9 

T. 

2 

X  X 

X  9 

X 

X 

2 

X 

r 

;  > 

2 

2 

X 

X 

H  2 

7*  2 

V 

n 

X 

<1  P 

.1 

p> 

T) 

p  V 

3  9 

>  3 

o  rj 

9 

3 

.9 

3  CM 

9 

9 

3 

o 

9 

CM 

9 

o 

.9 

•J 

—  V 

V  O 

\ 

TO 

X 

\  J 

»p 

s 

hp  H 

M  rsj 

OS)  fsj 

oj  \ 

CNJ 

CNJ 

N)  CM 

>NJ  X 

iM  CM 

CM 

CM 

rM  X 

<M 

CM 

(VJ 

CM 

..  If 

«(  l. 

r  ■ 

•» 

-  «“» 

. 

V. 

.  . 

V  >p 

V  V. 

\ 

HP 

\ 

X 

X  X 

X  HP 

X  x 

X 

X 

X 

HP 

X 

X 

X 

X 

C  2 

0*0 

•  *s 

O 

O 

L 

HO 

♦H  ►- 

HP  HP 

HP  H> 

HP 

HP 

HP 

HP  HP 

HP  VP 

HP 

HP 

HP 

HP 

HP 

H 

HP 

HP 

HP 

HP 

H  H 

3-  *- 

;* 

A- 

p 

V  o 

j'. 

P. 

y* 

p»  o 

pH 

vr  r- 

r- 

r* 

3 

K> 

\T  H 

0*  3 

3 

M 

T 

•p 

T' 

3 

3 

•HI 

•.«* 

h  •  1 

M 

ph 

M 

M  p 

►- 

—  * 

»  4 

9  ,| 

PH  w 

PH  PH 

PH 

PH 

PH 

P> 

PH  PH 

PH  W 

PH 

PH 

PH 

PH 

PH 

PH 

PH 

W 

PH 

Ph 

jp*  T~ 

;■ 

y 

3 

T 

y  ^ 

pH 

Hr 

-H  C 

*H  .4 

H  pH 

•H 

k-» 

rj 

C.‘ 

A*  (\l 

A  A| 

A> 

fH 

***> 

K- 

PO 

k' 

,* 

.  * 

f 

S  \ 

V  r, 

X 

3 

V. 

V  3 

N. 

V 

w  V 

r.  c: 

c  cr 

o  c  c 

iT 

L.  c 

c  o 

oc 

o 

r,  o 

3 

6 

r 

o  n 

pH  2 

i.  ph 

*T 

p> 

2 

—  H 

r 

z. 

*,*  ,* 

-p  4 

P.  pH 

p 

kH 

»-*  »3 

Ip  ►  « 

-4 

v— 4 

,-  . 

«_4 

h-4 

»-4 

•  4 

k« 

HP 

•  «4 

^  O 

o  r 

C 

M 

o  « 

r 

n 

C  o 

n  r 

r  h 

V 

2 

T. 

X  r. 

* 

2 

3.*  V 

c  4 

*t  1 

tf 

•l 

a 

t  < 

4 

<  «c 

•* 

<4 

4 

<x 

•t 

<  n 

n  r 

•*  7“ 

•* 

T" 

r*  h 

*  • 

z~ 

«p.  — 

V-  k. 

1-  *— 

k— 

v— 

k— 

w 

k—  U 

w.  U 

k-  k- 

u- 

7- 

k-v 

w 

%— 

v— 

P» 

H  3 

»( 

3 

3  p' 

*3 

3 

o 

3  3 

».  p* 

<X  '( 

Pi 

‘l 

< 

O 

4  •: 

4  •: 

c 

•t 

•4 

C 

4 

•  i 

«4 

«» 

*4 

PC) 

0  7/10 

3 

o  o  o 

o 

3  Cl 

>  LJ 

n  o 

U  3 

3  0  0 

0  3  0 

o  o 

OC 

3 

r>  o 

3 

3 

o 

3  O 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

D-19 


DATA  l%('')/2l,H  »Shl*L:  Tl«t<st:s>  /  uo7ton 

DATA  ;n,(  )l)/2wHHAX.  5 1  U'iUL  £K  VALUE  /  0i7h90 


OATA  IP5UJ/ZCH  COUOCTI3S  WHtfZR  /  407790 

OAT  A  IOr-(I>/2UH  VS.  SIKPLf  TIME  /  ov/no 

DATA  10-  (!/)  /Zi«HCOl*l ‘<0.  LA-31  LI  T  Y  KAT./  0-7720 


oono'srt’saoooooooo  aoooio^onQ^  z>  r>  oo  r.  a  j  o  o 

^  iA^K'00«'3*4rvjr*>  f  A  vT  ^  O  T  ^  H  W  >r  i)  U  O  3  N  ^  ••  ,1  O  N>  A 

K  N  K  k  S  n  rv  *:  j#o*)*)0»s:  ^  J*  T  O'  J'J'J'TJ'^u.iwos  »  x  4  4 

K  N  K  X  N  V  >.  V  N.  ^  rw  S  K  X  K  A.  N  N  K  N  N  N  N  ,>•  K  N  fi  «0  O  13  O  JO  oO 

■)  'JO  3  *_■»  •;  c  O  3  *»  3  O  *»  ^  J  r  J  -3  3  .J  i  3  >3  3  «J  J  C  3  >  D  3  "3  3  » 

000^30^090  3  acooooaonoooo^o  -»  D  O  .o  3  o  o  Q  3  Q 


•xA, 

t>*  • 
tf  O  I 

uj  y 

Ul  UJ 
v>  c*v- 
ui  <  z 
o  j 
m  >- 

YuJ  • 

X  IaJ 
<  ►-  O 
X  D 


I 

• 

Of 

UJ 
VI 
cd  : 
n 

A 

f— 

O  J 
J  J 

a.  <t 


i  a  v- 
*-  o 

>-  #H  _J 

vj  z 

HuJll 

j  r»-c 

H  JC 

o  < 

«X  >2 
>  »■*  i 


r-  a 
o 

J  o 
a 


V 

V 

V 

V 

V 

Of  O' 

y 

V 

V 

/ 

/ 

/ 

V 

/ 

/ 

/ 

/ 

/ 

X  V 

V  V 

\. 

/ 

/ 

X 

/ 

/ 

Ul 

v:  r 

CM  0 

X 

VI 

«-« 

UJ 

Ill 

a: 

a-  o  x 

X 

X 

a 

(V  ul 

•k  3 

UJ 

<-.  0 

*r 

X 

Ul 

Ol'N 

X 

-J 

VI  -u 

u. 

r- 

VI  ul 

X 

.3  -J 

x 

u  -1 

«U 

VI  0 

^  X 

•— 

kkJ 

«i  m 

•n 

.J  «i 

*  1  02 

_i 

Ul 

4  »  «» 

-J  Ul 

Ort 

m  ui 

«  l 

t* 

n  mu 

OH 

V! 

u.  *: 

X 

X 

X  O 

1‘ 

4. 

X 

-U  > 

ki 

X 

-1  > 

X 

X 

va> 

O 

T. 

wl  X 

— « 

■2 

vi  r»  n 

VH 

y 

A 

7» 

►M 

k-* 

D 

.3 

>MHQ 

VI 

r» 

AH 

*M 

O  O 

*£ 

<t 

M  cf 

w  5* 

•j 

1- 

>-  *M 

•* 

r 

— 

x  r 

3-»  O' 

V 

X 

«■* 

O 

P> 

£ 

IV 

r«  X 

-J 

V 

»-A 

mJ  < 

»-  »-«  UJ  < 

0- 

H 

J 

s 

X 

2  0- 

< 

3-  / 

z 

««« 

-h 

>: 

vr 

u 

A. 

r  —i 

vi  te. 

k%  V 

ki 

r 

> 

O 

A— 

«x 

_i 

►— 

7-4  C* 

o 

.  # 

-  J  ^ 

U4 

*-» 

.1 

J 

r* 

M  7 

J  3 

3T 

-m  r« 

0 

-1 

7- 

A-J 

AH 

AH 

J 

U  MM 

r 

H 

w. 

k~» 

■"3 

a 

u-  -7 

r* 

r 

A-  i.** 

AM  A 

■7 

1. 

I- 

-1 

kv  O 

O 

1» 

V- 

i. 

Gl  U. 

A- 

6 

—< 

d 

2 

13  V 

-J  Vl 

u 

A— 

kJ 

V- 

0-k 

A4 

O  i 

a 

U 

l.l  A- 

•* 

t.t 

t_i 

•> 

1. 

V 

III  M 

y  -* 

«.*  TV* 

Ml  k— 

3-« 

«-* 

III 

rw 

Ill 

n 

m 

A  — 

w 

-j  r  r 

r* 

-J  c* 

OH 

<  *• 

V 

i' 

-J  l* 

►-  w3  S*  O 

-J  V* 

r  0 

V 

c- 

.J 

rr 

HT 

3!  -T 

Z 

C 

a  -t 

■7 

t*  y 

.1 

T~ 

* 

rr 

c 

JL 

•.3 

a 

r* 

O 

a 

0 

_J 

H  M 

D 

1— 

r  o  o 

• 

Uj  a 

x- 

• 

< 

V 

£  X 

* 

4  X 

x  z 

0 

A 

«t 

X 

£ 

0 

— J 

r 

v-> 

<  ■->  o 

VI 

VI 

O 

X 

‘A 

X 

U 

<  «x 

:.iia 

■4  *3 

O 

r  x 

< 

0 

• 

n 

VI 

> 

o 

.i 

1 

> 

x- 

•H  2> 

li  r 

> 

VI 

A' 

x  r 

3-t 

X 

X 

*3 

T 

r 

7" 

•J 

X 

T 

A- 

2  0 

O 

> 

X  -»  x 

X 

X  x 

X 

V 

X 

X 

7" 

x  •> 

X  T 

r  r 

X  k> 

X 

X 

X 

X 

r 

O 

2 

X  * 

— 

V>  CM 

•_« 

-3 

.3  .3 

o 

CM 

.3 

> 

.•1 

O  CM 

*J  r 

-7»  J 

O  <M 

0 

*3 

•3 

T3 

CM 

O 

:  u 

a. 

-t 

M  V 

M 

CM 

"M  IM 

<M  X. 

'M 

CM 

<M  Cj 

CM  V 

,"M  CM  rv  M 

CM  V 

*M  CM 

CM 

'M 

M  V 

O 

4 

V 

V 

V 

V  v 

X 

V 

X 

V 

X  — 

x  x 

V  X 

V  «-t 

X 

X 

V 

V 

X 

«rs. 

*•  v. 

c 

.  H 

H 

** 

«->  M 

H 

#*> 

w+ 

#3 

*3  H 

«•» 

^3 

vs 

r< 

« 

U 

>  UJ 

i 

C  1 

O 

VA 

K 

1*.  k 

-< 

*H  *•■» 

w  * 

r- 

.'  H 

3*i  sr, 

..%  K 

>T  A-» 

rC 

u" 

K 

c 

H 

If 

T 

<  y 

< 

w  x» 

v» 

w 

*«»  w 

«-*• 

w 

w 

w 

w 

v»  w 

w  «w» 

3»  3— 

w 

V* 

w 

S-* 

3^ 

*0  A- 

r  *1' 

»H 

»  '  »% 

A*% 

5 

.  3 

•  3 

• . 

► 

- 

N. 

V 

-* 

■*»  f*> 

.-3  A*3 

<r 

c* 

■7 

*X 

J 

: 

5  : 

J 

: 

a  o 

£ 

c 

o  a 

c 

.-7 

c 

X 

£ 

c 

r.  c 

iC  0  0  c 

c  0 

£ 

c. 

0 

0  r. 

O 

vt 

X  •> 

x 

X  1 

*-H 

*-»  M 

— « 

*H 

—A 

... 

M 

*  .  »-A 

.«  k» 

»3  »«A 

•  A  M 

A 

OH 

.■u 

-1 

M 

U 

• 

« 

•  1- 

i-  u 

»- 

«J  t 

*f 

•4 

<  t 

< 

*< 

4  < 

«r 

4 

C  4 

>4  At 

At  4 

4 

t 

4 

< 

tt 

* 

n 

*V  4t 

7". 

2  , 

u  U 

W 

w 

w  u 

u 

U 

k— 

V- 

V—  »— 

A—  U 

A—  a. 

A  .  V- 

v* 

V- 

A. 

V- 

w 

A— 

A 

M 

AH  SM 

•t 

VH 

t  *t 

«* 

*1 

*£  < 

«: 

j; 

•t 

Vi  <Z 

<* 

•X  4 

a  At 

t 

4, 

<3 

st 

*1 

O 

Y 

t* 

V.' 

li 

O  O  Cl 

0  0  3 

o 

O 

Ci 

£ 

^  a  3  3 

3  0  0  0 

O  O 

OO 

OOOO 

O  A. 

u.  a 

X 

a 

VI 

■> 


< 

¥ 


UJ 

X 


(A 

u.* 

x> 

—I 

c 

> 

.y* 

<t 


c 


o 

-J 

a 

x 

«x 


n  z 

V  -o 
■*J  X 


\  \ 


D-20 


PhlUJ- ,-SArtFL-  UHE.  C.C.  SI'ilNl)  *SIGC  74Z)  ,  S I G  ( Hi  > /S1GIN2 )  ~  uv069} 


ENTER  THE  2  StNS'JLAR  VALUE  hUHOERS  IN  OE3IKEO  OkOEV  OtlSlOO 

'FOR  RATIO  PLOr— >16tZ.C*l»/SI3H.0.2)— (I.E.  ENTER"  OLollO 


000*3000*30000  O  O  0  0  0  0  0*30  “»  *3  O  O  O  30^3030000 

M  n  .f  .3  t  T  O  N  O  7»  “>y<MAO. fUlON.*!  T*  ^  CM  AO  .f-  If.  J  '% 

rt^HHHHWHNfJNN,'jN(VjM'VNf)f*:  ‘ONir»FOr)Of3^  *  .  ft  A1  ft  f  / 
D«)S0(0-0^OOt)4OUJ'0>02^'C3  O  OO)  J  ^  ll)  3  C  O  U  «0  >0  O  3} 

^3  OO  C  ?3  O  O  3  J  Tl  j  w  O  D  O  i'-  3*3  •  »  3  D  w  U  >'333  i:  3  ^3  300 
*3  O  3  O  *3  *>  O  O  O  3  0  0  3  O  *J  OO  O  0000000*3  TO  3  3  0  0  O  O  O  O  3 


s 

O' 2 

• 

Ak. 

1 

D  O 

1* 

t 

2 

o 

OA- 

o 

< 

y 

s 

y 

u. 

t\ 

y 

A- 

to 

• 

A* 

a' 

< 

A 

o'  «t 

a 

S 

o 

2. 

o 

ui : 

W 

a 

Lu  O 

*i  • 

«h 

r 

D 

IJ 

=3  O 

y 

2 

V 

2 

n  j 

A- 

t 

2 

o 

•• 

ft 

n 

UJ 

‘jj  UJ 

2 

j 

• 

• 

Z 

• 

*• 

2 

<M 

o  a 

X 

• 

• 

2 

* 

y 

y 

I  < 

•• 

1 

•k 

h  a 

'/) 

y 

A— 

• 

• 

2 

ft 

<c 

2 

•* 

.*3 

o 

>  -j 

y  2 

«r 

«r 

y 

y 

• 

t 

X 

r 

•A 

•» 

CO 

2 

J 

o  • 

<1  ui 

X 

X 

< 

y 

• 

«• 

: 

Ul 

>- 

or  j 

T  er 

X 

X 

< 

y 

-j 

ft 

3 

II 

a  ~i 

y 

• 

• 

r 

< 

Ul 

•ft 

Q 

_l 

Ul 

CO  3 

y 

y 

• 

• 

X 

If 

V 

2 

< 

2» 

•w 

•aJ  2 

V  2 

2 

Z 

LO 

CO 

• 

z 

2 

ft 

> 

*4 

e- 

X 

O 

O 

O 

£C 

c 

y 

• 

ft 

ft 

o 

r 

y 

«t  y 

O  uj 

o 

l) 

o 

o 

z 

CO 

X 

X 

i  •» 

O' 

3 

a 

-J  Of 

o 

CD 

M 

-j 

ft 

vi 

O 

to  < 

X  z 

Ll. 

u. 

u. 

u. 

o 

o 

ft 

ft 

■  * 

< 

ft 

ft 

A- 

V  -J 

o 

o 

o 

o 

z> 

o 

o 

o 

d 

2 

oa 

uj  AH 

ft 

ft 

ft 

tO 

o 

►H 

O  -J 

_i  u. 

• 

• 

• 

• 

CA 

o 

w  • 

• 

*41 

-J 

•— 

2 

j  «t 

►— 

CM 

J 

-1 

AO 

_J 

mJ 

* 

1ft 

2>  _J 

ft 

■  O 

•J 

H 

a. 

IT 

-1  H 

a 

<1 

*3 

l' 

y 

ft 

CM  ft 

ft 

ft 

H 

tO  V» 

a 

Ul 

M  <1 

> 

> 

> 

> 

Ul 

J 

> 

> 

ft 

:  *h  w 

ft 

ul  u. 

o 

o 

o 

CTi 

O 

•XI 

o 

:> 

•k 

•k 

V 

X 

-J  <t 

U  X  »- 

• 

• 

y 

• 

• 

y 

X 

y 

X 

y  • 

• 

»  o 

4m 

X  <J 

o 

O 

o 

o 

3 

u“ 

o 

Of 

y 

4-  *- 

aaJ 

M  ;a 

►-  n  r»z 

O 

■y 

z 

n 

z 

o 

2 

O  X 

V* 

ft 

2 

X. 

U. 

Ul 

*-  A- 

*o  to 

H 

.-4 

u 

y 

y 

o 

U) 

O  y 

y 

l  .1 

y 

y  o 

J 

<o 

o 

1 

(O 

f/l 

to 

'.0 

z 

y 

Z 

to 

to 

z> 

->/ 

ve 

V 

j 

O  _i 

•  1 

7 

> 

o 

r 

3 

.♦ 

o 

Ql 

a 

* 

Z  OL 

Ul  to 

• 

X 

X 

•  X 

X 

• 

.H 

• 

y 

•  X 

X 

1  2 

y  ^ 

iJ 

a. 

-4 

a  _# 

ui  D 

“A 

aJ  -» 

7A 

u 

y 

Ui 

►— 

ui  n 

M 

"T  7 

r* 

-> 

y  »»♦ 

*•! 

•" 

T* 

y 

M 

-» 

y 

-» 

7- 

V> 

• 

•  • 

CO 

o  r 

r» 

• 

M 

• 

y 

y 

• 

Cl 

• 

o 

•  AH 

H 

»- 

¥-  h- 

«j 

• 

j  *- 

y  j 

LJ 

2 

X 

Ul 

z 

X 

ft 

z 

ft 

2 

UJ  X 

z 

A— 

•  •A 

t3  13 

.  i 

n 

in 

i 

!*•  • 

V* 

i— 

»■« 

V 

w 

y 

n 

V/ 

n 

v 

y 

o 

• 

•  • 

H 

y 

2* 

c 

X 

AH  X 

r 

y  X 

X 

y 

O 

y 

O 

y  y* 

T 

1  ft 

CO 

A  iO  2 

V 

u.  • 

1-  o 

-J 

-l 

-j 

-J 

ft 

Q. 

V* 

ft  ft 

X 

.«■ 

ii 

IU  *H 

Ul 

UJ 

Ul 

ftN, 

Ul 

H 

LJ 

y 

ft 

•*» 

H  ft 

O 

2 

2  2 

o 

to 

« 

Ul 

-0  2 

• 

x 

ro 

X  ■*> 

* 

X 

ro 

X 

M 

• 

X 

« 

X 

r> 

•  1 

.-J 

X 

ft  S 

M 

• 

-4 

II 

X  2 

j  ah  o  y 

*4  y  -m  c* 

u. 

w 

y 

H 

O 

»— 

vH 

o 

y 

y 

Cl  y 

ft 

y 

i  -J 

• 

•  • 

2 

2 

a 

r~  Jj 

2  U. 

y  * 

2 

y 

•4 

2 

M 

A 

to 

v 

X  2 

A* 

Ul 

3 

—  -4 

O  iii  *y 

li. 

•H  Ul 

rj 

-t 

U.  AO  u. 

r 

«4 

u. 

> 

ft 

D 

ft  ft 

y 

ft 

2 

O 

O  ? 

A  tZ  D 

to 

2 

o 

• 

o  o  o 

Cl 

• 

o  o 

• 

o 

o 

• 

o 

3 

•  O 

o 

1 

Of 

2 

• 

•  • 

*4 

y 

O 

J 

x 

rl 

M 

H 

CM 

H 

*H 

t4 

y 

M 

y 

PO 

y 

• 

U. 

^  i. 

x. 

> 

u  > 

C  w 

• 

»  * 

*>» 

I- 

** 

• 

A- 

c 

4- 

• 

I- 

• 

t  ■ 

w 

•  A- 

w 

»> 

U*. 

h 

•» 

.  • 

•  ♦ 

lil 

-* 

• 

A-  Z 

y  ui  iu  C 

to 

o 

to  Ul 

O  to 

C 

to 

Ul 

c 

t-1 

ft 

c 

to 

Ul  o 

to 

c 

10  A- 

A—  A— 

X 

c 

c 

• 

c  c 

2  .0 

7 

-J 

l*J 

-J  u 

2 

mJ  !•: 

-J 

•»! 

2 

_i 

u* 

1* 

_l 

ft 

y  ft 

u 

ft 

•v*  u: 

O  15 

r  o 

w 

o 

M  !■• 

^  o 

T  X 

• 

ft. 

_l  0 

-J 

• 

0 

-j  r 

-J 

• 

r 

.  1 

• 

r 

-J 

•  r 

ft 

c 

t 

• 

2 

• 

•  • 

t 

“> 

• 

V*) 

• 

• 

•  • 

•  • 

ij 

i 

V- 

: 

y 

u; 

5 

A  . 

2 

i— 

•»l 

• 

V. 

i.: 

t 

A- 

1  ‘  2 

A> 

I 

>  •» 

•0 

►  i  to 

to 

*> 

•>4 

•k 

*•. 

#i 

>  »k  •» 

•»  •> 

y 

•» 

»  4 

.  -4 

y 

•* 

y 

•» 

y 

V 

•k 

A« 

y 

•» 

y 

i  •» 

y 

•* 

• 

• 

*•  ft 

«?  »z 

» 

m— 

•. 

» 

_  « 

» 

*-> 

. 

*-» 

A-* 

• 

y 

y 

-4 

y 

4 

•— 

- 

y 

. 

A— 

y 

2 

2  2 

1- 

A< 

« 

> 

CO  A—  A—  A- 

y  i- 

-i  y 

y 

-j  y 

1- 

J 

y 

•1 

y 

ft  y 

y 

2 

O  M 

H  .-t 

2 

a 

7. 

75 

'JZ 

z  z 

2  X 

»4 

2 

X 

— J 

H 

~z 

-i 

2 

J 

H 

2 

r~. 

2 

-l 

M  2 

ft 

IT 

1  -* 

y 

H 

w  w 

M 

j* 

w 

U4  H 

•-»  *H 

w 

H 

-J  H 

.J 

w 

M 

.1 

•H 

-1 

y 

M 

t 

y 

H 

-I 

w  M 

J 

•  4 

ft 

u. 

u.  u 

/ 

a 

*u 

U. 

^  L 

U. 

i. 

vt 

U 

•t 

... 

U 

ft 

l  J 

-* 

ft 

£ 

•ft 

ft  Jt 

ft 

.V 

a  a 

tf 

-4 

■J 

I 

T 

t>  a 

iy  m  a  a.  a 

a  a 

y  x 

C 

P 

c 

I 

p 

O 

ft  U 

y 

ft 

O 

H 

a 

Ul 

y  a 

o 

a 

i  ITLrS(IOoUJ>  )  iRALSd 

'  ,"*L0:  OF  THE  CnOIUON  NUMBER  3F  HANKEL  Hat.”  k.a^O 


AD-A080  371  AIR  FORCE  INST  OF  TECH  WRI6HT-PATTERS0N  AFB  OH  SCHOO— ETC  F/6  20/9 

MODEL  ORDER  REDUCTION  USIN6  THE  BALANCED  STATE  REPRESENTATION*  — EtCCU) 
DEC  79  J  R  MCCLENDON 

UNCLASSIFIED  AFIT/6E/EE/79-22  NL 


CAU.  TXTl«S<X09<13)>  ntfObOO 

260  PRINT* -  0085X0 

PRINT'  , "HOT r  «  THE  CALCULATION  DELTA  FOR. THIS  ALGORXTWT  006520 


F>  a  *aooo*a  30  3*»  sa*3 


*-4  Itf  Ui 

V-  eo  t. 

H  H 

ZH  H 

H  Ul 

3  O 

ur.  z 

X  M 


ftfi-S  <  a 

o  u»  v» 

it  jr  w 
U4  HO  X 
J.  Z  k  Z  H 
Ul  H  H  »-• 
TUJZ 
8-  «  Zlt 

UJhHZ 
•  X  8-  O  *4 
UlhHd  J 

r  7  m  a. 

M  *M  T 
1“  l*J  «ii  «T 
ZL.lt: 
IOTU 

<t  » -  •J 
M  z  /< 

h*  <U.  UZ 
•4  X  O  M 
2  8-  XU. 

y>a  ui 
•u  yi  *ii  uj  x  u. 

X  UI  8—  (/>  r—  8— 

T*  —  l.  *-4  •» 

U  C  h 

K  LI  c*.  j  r  H>- 

O  »T?M 


X 

*A 
X  ui 
ui  V  j 
>  u 
Ui  ►-  o 

s  :  8- 

•• 

*  * 

T'  *-  8 
2  X  p-i 
►“*  M  2 

r_  a  *- 


h-  8-  8-  8-  -  II 

<7  X  Z  Z  Z  O  J  , 
h4  H  H  M  M  ar  M  • 
Li  /  i  ci  uj  C  i 

uvaaiYH. 


w 

^  J  7 


4  *r  <n 
r  -  o 
a-  <  r 

**  Ui  Jf 
DO.** 
»>«  < 
<  *  Ui 

►  o.»f 

<1  *i 
UI  •.  Ci 

^  o  o 

«  3  X 

y  r.  * 

?  vn 

•»  ».bl 
t  ZZ 


®  2  X  M 

X  •»  •*  H 

pg  (l  w 

2  x  .*•  a 

•»  *•  ^  o 

o  o  •»  X 

*►•»<->  o' 

U-  U.  2  II 

HXC2HH 

8-  ^  •*  3  M 

8-  t»*  r  «  ^  PM 

II  7-  t*.  II 

■  V  C  c  m  II  3  2 

I  «  c  (  1  O  .  I  1  • 

■  w  H  3  W  M 

4  •-  J  J  JMNUS 

■  -f  .J  J  J  or. 

X  <i  a  -a  ooro 

* *-  o  o  o  a  o  .v  o 


o  o 

O  O 

M  M  iC 
I/I  <Ao 

»  **r 

COM 
ui  ui 
x  r  o 
z  z»- 

*4  >H 

*  xo 

•*  •*  L0 

f“  O  — 

•*  *•  r 
a  o  • 


-*  n  •  #■*. 

IO  hlu»H 

P  »V  t. 

2  2M.*? 

#6  PJ  P 

H  CSlMO^, 
Z  2  »  X  Z 
p  p.TI  M  p 
002 20' 
O  O  <  X  O  1 

x  r  •  J-  M  1 

o?  AO  *w*  v/>  ( 

w  w  .  >•  p-  ■ 

0.  b!  «X  <X  . 

j  r  ~i  ►-  i 

<  »T  1  f'  *'  1 

■>  >  u»  u*  o  1 

w:  to  v  >  f  . 

-j  -j  1-1  >  : 
-j 

J  JM  J  J  , 
J  .1-1 

4  O  U.  t  <t 

O  O  M  O  U  < 


o  u 
Of  of 
8-  < 
•A  7 

o  C  S 
:>U  * 
80  — 
Ui  rf 
O  X  w 


oo.r 

O  O  M 


a  r  t  a 

'  UJ  J 

:  *a  D 

r  li.  *6  r 

y  M  . 
5  jh  r£  *-  •: 
)  _j  <x  1 

.  H  J  i  . 

*  £>  •  T>  O  C 
«  J  uiOlt 
'302 

:  H  •  H  X 

«  <m  (/>  m  : 
c  •  ' 

■  8-  e  u  1-  ; 
i  m  x  «.  1 
o  •  u  r  • 
.  l:  ui  :  s  ► 

*  ~  *  •>  •• 

'  r.  «-  *  »  1 

:  ;i  -i  :  2  . 

w  M  ’*4  , 

1  L.  Ll  t  2 

1  m  m  a  a  ( 


0-22 


WP-L  u jboSO 

PRINT*  »"  "  0 '1C 64  0 


3t>0-j  IPtIt:<£.S').1.0?-.ZtZ<i.E1.3)CD  TO  t- 9i  939999 

PkZUf  »~TK?  SINGULAR  OP  THf  03SERVA9ZUZTY**  0w«*#10 


XFIXUKE.eO. 2. 0R.1LXKS. £0.3)60  TO  3">07  0*9300 

PRINT  ,“T«<F  S INSULAR  /  AL'JES  OF  JHF  CONTROLLABILITY-  JS9  31# 

PRINT*  ,“'1ATT  IX  FOn  TI1f>  “,rM»r(2),-  ARE  “  Ou932B 


*9ao*9e9^'.ieroo 


> 

PH  PH 

H- 

PH 

>  > 

H 

H 

>  > 

-J 

2 

P.  •* 

H 

•t  PH 

3  3 

ff> 

O  M 

3  3 

U  2 

*>  •. 

>1 

r  p 

o  O 

X 

z  o 

o  o 

LJ  UJ 

H  p 

Mho 

%J  l/IK 

X  a. 

OOU 

o  r  « 

pO 

p  p  -) 

-  3  1 

4  X 

4  4  CM 

M  p 

uj  u: 

ui  Ui 

UJ  PH 

1/  p 

Ot  Jf  O 

O  X  M 

<  4  . 

4  4  h 

0-  ►“  ~ 

PH 

a  uj 

y  v 

»_ 

o 

PH 

o  ry 

*  *n 

OU.  4 

U1  PH 

n 

X  o 

p  Pii 

o  o  X 

r  2 

•» 

p.  7 

O  o  PH 

PH  ►— 

2  •» 

-J 

n  o 

ro  </> 

H  2 

HP 

PH  o  X 

OOP 

•  PI  p 

X  * 

o 

o>.  p 

i>nu 

C*  T>  J 

y  j  a 

•  U  4l 

•us  T 

'fp.  O 
O  -I  «  o 
NH  J  ^  H 
A  OOH 
•♦'V.  Ik  «* 

HO  Z  H 

•  H  X  » 

Z  H  '/)  H  Z 

-  •  W  —  I 

C  C  L  h  I 

l*1  I  <  r~ 

T  •  »-  t  7  ( 

•  u* :  t  Hti.  j 

•  v  •*  •*  -  r*  l.  i 
i  h  •  -  fL  r 

J  •-  •-  W  W  . 
J  H  Z  7.  J  h*  ♦  ( 
J  p»  H  M  ,i  7  U 

(U.  a  *.  C  M  : 

J  H  QL  Q.  UOH| 


7  •> 

p  «x  ^ 

7  It*  *r 

•*  C  f  z 

z<  • 

p  ^  _i 

ZO  -J 

<  7  W 

•V  •  < 

►-  o  uj 

0  3  as 

D  p  < 

» U.  _ 

I A.  P-  C 

~  *-  *  r.  x 

_J  p  p  M 
►  •  ;  H  n 

<  "L  •»  II  1  3 

r  r  -i  z  r  2 

-1  "*  •«  H 

J  J  t>  4  J  H 

J  -i  J  7 

•1  s*  C  O  ^  O 

o  o  e  o  u.  o 


iii  p^ 

r  <r  •»  ti* 

2  2  2  2 

M  p  p  2 

2  or  h 

♦  r  2  2 

M  P  P  P 

">  2  ®  U. 

p  p2  p 

—I  OP?. 

W  P.O  * 

I-  H-  •*  O 

3  Dlt  2 

C  O  w  •* 

2  2  >  >  >•  C 

•>  •»  m  ^  h  A  z  : 

r<  rl  «  P*  **  P 

m  i»  s  ».♦  •-  r  ^  h  ' 

p?  U  C  l  II 
...  .  ^  z  2t)  n*P  ' 
p  P  p'M  H  ' 

MIMHh  JJ  J  v 

n  TT  u  -I  .| 

3  0  3  O  C  4  *h  D  . 

zo>uu Jnci 


p  p7 

^  *J  •  p. 
ph  K.  K>  UJ  K 

S  P  »v  » 

•>  2  r  m  .? 


:  2  y>  :t  y) 

p  p»  <  t  «< 

:  o  x  3  7 

>  J  ~>  ->  ~« 

^  M  w  w  w 

>'✓>'3  0  0 

*  *-  s-  O  C  i 
[  O-WH  I 

■  t  •  o  n  « 

'  P'  II  If  H 

•  O  *h  ~  ~ 

ll.HItMl 

■  >  w  w  w  ■ 

X  X  7 
i  -J  n  t  *-i  i 

i  j  r  t  r  1 

(  4  3  3  O  1 
1  O  71  sO  I 


D-24 


UawaS,l)/3I3C(JNAS,l>  0uSo90 


m  nooooooo^ooafio.TO'JOoaoo^nnoooio'aaaooQ  9 
tt«4NK)  t  U'  £  S  )  CT  C*  H  ftj  ^  •  '.•»  f  S  r  J*  ?M  fti  H  J  v3»%  «  (n  n  »«N  H  ^  IHfl  Ni 
KNNNNNH>>**><l*OX)04ooX)4awC'^9vw''^^3v^^^"'  )O.J  i  uo  J 

i*  j*  O'  y  c>  o  J'  v»»  O'  ^  f  o'  !T  c-  -»  o  ^  j  o  j  -»  > 
Ct  ^  ^  a  c.  .•»  j  n  ^  a  au  j  ^  j  >  u  j  j  ^  j  a  »n  J  uohhhhhwh^ 
oo  ^03  a  n  a  a  a  n  a  -j  *  vo  non  a^nooo’aoaonaoo  ^  o  o  o 


1 

. 

>• 

H 

t 

H 

► 

-J 

*• 

M 

M 

m 

-1 

< 

M 

-j 

CD 

J  2 

«  t 

o 

> 

^  Ui 

^  Ui 

»-  of 

Ui  of 

«>  z  « 

Ci  ^  M 

C5  O 

a  W 

*  O  2 

-->  0  2 

»  «• 

to  •* 

M  UJ  ** 

Ui  ^ 

«4  OX  M 

O  X  *-« 

•»  t-  H*  ^ 

H  H  %» 

«A  »- 

M 

«<  OU.  < 

O  U.  <1 

x  o  o  r 

o  o  r 

i  #*  *- 

«i  h 

V  low  •» 

fo  to  •» 

n  *u.  i 

•  bi  1 

•*  r*9 

c*  r> 

K4  UI,#  A 

*•»  -J  A 

(Tt  •  «X  U. 

•  4  U) 

V  III  >  T- 

«■!  >  T- 

**  v  *-i  ~ 

y 

H  M  .Y  k-  O 

H  y  h  O 

►  o 

— J  «x  o 

CO  M  J  it  H 

H  J  V  H 

<  O  *  D  O  M 

.DOW 

SotfpU  •• 

s:  c  u.  * 

Hb02  H 

D  2  rt 

m  W  •  H  X  •* 

•  MX  • 

O 

hWh? 

C*  O  •  -  w 

•  W  *" 

H^-  C  W  X 

c  Uh-  r 

co  ur  ch¬ 

2  -»  T  <  h* 

it  r*  •  >-  r  r 

•  u.  *•  rr 

^ou*t  :  m 

t  *•:  2  f  m  »>' 

v  •»  •»  -' 

•.  v  •»  «*  c  r 

**  O  •-•  • 

or  -*>- 

O^H? 
7  m  wH 
O  U.  U.  ‘ 
Oh  h  a 


-  rv  . 
H  ►- 
2  j: 

-4  JM 

t  < 

a  o  a 


J  H  »- 


•  1- 

* 

4  * 

1 

4  o  ♦ 

«  M 

« 

«  b. 

•  M 

• 

«  or 

♦ 

•  Ui  « 

•  > 

• 

% 

H 

W  to 

4“ 

to 

•  or « 

4_» 

U  vi 

n 

u 

«  o 

♦ 

r* 

O  *> 

r*> 

c* 

♦  u. 

tt 

fv.  *«* 

rg  ^-v  <M 

^  re 

^v  i>i 

u  o 

o  o 

o 

o 

IN  O 

•  X 

O 

O  H  *C? 

hO 

H  •* 

•  M 

♦ 

.  J  O  h-  i  o  h 

O  h- 

vj  H 

•»  o 

*•  •» 

*  •» 

•» 

-j  N 

«  H 

• 

Oh  h 

O  H  HO 

O 

h  n 

•> 

•*  H 

•  «r 

• 

t.0  •*  *>11  •»  *-o 

•'O 

*c 

H 

H  N 

•  r 

* 

H  <C 

^  W  ,v 

t.l  IN 

iO  i- 

•v 

•»  r 

* 

.» a  es 

r  O  Ti  t 

n  * 

o 

H  O 

*  t 

• 

•  H  H 

•  H  H  • 

• 

M  • 

OOM 

♦ 

•* 

T  v,  v-  — 

>-  r 

w-  -» 

•» 

•v  h- 

4 

« 

*t 

•2  7 

•  TS  3  • 

T  • 

T  • 

H 

>,  7 

*  o 

H- 

T 

r 

UJ  *k  r.  H  •»  UJ 

to 

»u. 

11 

Z  •* 

♦ 

CJ 

-> 

v  7  V 

V  ▼  V  V 

o  V 

n  v 

»  r-v 

,  (rt 

» 

•» 

r 

»sHh«  <J 

f«H  4  H 

c  h  r  h 

X 

7  r 

4  l~ 

A 

-• 

«  j  r.  x 

-j  .«:  r  _j 

*T  -J 

T  >J 

n 

M  O 

fc 

•k 

3C  ^ 

1  H  •  J  U 

H  OO  H 

O  M 

ii 

X  L> 

t  M 

♦ 

X 

9  to 

•»  •  */»</» 

•  t/>  o  • 

oi  • 

O  ♦ 

2T 

X  X 

♦  IX 

4 

N- 

2  1 

ho  r»  ^  - 

O  H  •»  o 

t.  n 

•  9 

•V 

•k  *0 

♦-  a 

k 

*  •* 

->Z»-  H 

Z  ►  -  H»  r 

v—  J 

k-  :: 

»-  *-» 

r 

<  • 

•  N*  <  'C 

^  <t  X  *2 

<X  ^ 

■«t  cj 

•t 

9 

«-  ~i 

t 

x 

K-  «T 

■>  •  X  X 

•  r  i  • 

X  • 

v  • 

*» 

X  x 

9 

*  2 

H 

<  1 

•»  *4  ►-  W 

N  H  f"  4 

r-  fg  1-  H)  H- 

k-  ►- 

»* 

*  hH 

• 

»r 

i_  • 

•  •  V<  VO 

•  v»  V  • 

No*  f 

w 

W  N-o 

1 , 

*“• 

u 

w  ^ 

<?  k'  X  X 

t)  X  X  u: 

X  u 

X  LJ 

2T 

X  X 

NO* 

C  9 

t 

C/1  W 

w  z  c  c 

rear 

c\  r 

a  z 

a 

c.  c 

a 

<  C 

ut 

h-  h- 

h  •  «r  *-r 

•  4  «*  • 

H  • 

«t  • 

r  •■• 

k 

*  ty 

% 

Tt 

o  c 

9  1<  '•  (V 

*  ‘  »*  i  w  r  •  t* 

g  UJ 

f.* 

c 

cr 

» 

N 

-i  J 

jy  c  c 

y  o  c  v 

t"  v 

o  y 

c* 

o  c 

«j 

.  ■> 

1- 

C-  n 

Cc  *H  X  X 

..X  Zh 

X  • 

x  •*« 

X 

X  X 

u 

*  w* 

, 

n 

J 

~J  — i 

-J 

j 

• 

o 

-i 

»4  -J  -# 

H  J  JH 

J  "« 

-J 

J  J 

vJ 

•  nO 

* 

Y 

J  J 

.J  ^  4  .J 

^  i  J  ^ 

J  W 

•  I'- 

.  J 

-J  -J 

_J  9 

4  M 

* 

r 

•l  u 

-X  U.  •!  4*‘ 

u  c  <U 

»t  u. 

•(  u. 

< 

U  4 

c 

-  X 

9 

'joohoohoohom 

9M 

a  o  o  o  uj 

•  h- 

• 

CO 

0* 

*o 

* 

/C 

M 

to 

t 

•  1 

% 

o 

o 

•3 

#9 

9 

•O 

H  • 

i> 

J 

•> 

<V> 

J 

o 

t  1  * 

« 

w 

<v 

N 

CV 

<Sf 

M 

.M 

o  o  o 

t 

Z  .r 

9  ♦ 


u 

v 

9 


D-25 


OU  2U=i,M,J  OlwuttJ 

WMT;  «n,JC)  I,(£)rfAT(l,J)  ,J  =  l,Ntl>  016108 


FORMAT  (lM'j*  J2»  (T**  ,*»  ( Is  ri  J.  <.  ,1X)  )  )  01019t 

COJTXWMc  010110 

Ktrod'f  4101*9 


n3on^ooemosD90(90t)oeoondar>99n^oooar«n^ 

«  t'AOK^TnHNH  r/»  vC  N.  35  r  »  HN  W  /  .> 

9^0  >  S  O  4  .5  C  J  -3  J  J  J  j  j  J  J  >  J  3  4  U  4  9  JO  3344  40  J  J  U 


O  O  r>  D  O  3  O  J  3  3  3  n 


4  J  4  3  4.14 
i  H  4  H  4  H 
'  O  J  *»  3  0  0  9 


>43444344  3  3  4  4  40  J  4  4 
4  H  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4 

o  aooooo  a  o  n  33  0  -»oo  9  3 


O.H 

r> 

• 

*4  M 

* 

* 

'  »  M  4* 

-J  •* 

0 

3 

UI 

M  M 

> 

X  til 

0  Z  0 

4  0 

* 

4 

MU 

% 

UiH 

4  H  H 

r  \  M 

w 

4 

V 

M  A 

M 

-4  —  « 

4  *4 

^4 

1- 

> 

4  «•» 

w  W 

to 

r 

4W  r. 

C%  CD 

V 

j; 

r  0 

h  w 

♦ 

O  H 

r  4  h 

4  4 

4 

M 

• 

4-  «H 

4  4^ 

% 

IZ  u 

V  M  V 

4  *4 

-3 

X 

> 

M  4 

z  4 

* 

H  Z 

-  3  i 

w  •> 

w 

<l 

♦ 

c  0 

•  M  -r 

* 

U  M 

UJ  H  •{ 

h  M 

Ci 

• 

r  M 

4»  M 

• 

a.  4  <n 

•J  4 

% 

Ui 

♦ 

Z  w 

4  4# 

♦ 

JO 

V  3  J 

D  3 

#4 

z 

» 

M  0- 

W  4 

♦ 

Z  UJ 

*3  H  4 

X  M 

*3 

N 

> 

ar  «t 

OJ 

• 

M  M 

H  ^  4 

2J  w 

4 

n 

•  * 

. 

u  V 

*4  *4  *4 

*  *  *4 

L  « 

«f 

M 

4 

O 

% 

10 

4  U  4 

t 

r  O 

UI  H 

Ul 

4*  T 

H 

O 

* 

11 

T.  M 

< 

c  r 

HI  4 

?rj-*or<r  jtw 

*4  c  4  •>  ^  ♦  v*  •»  •>  n 

h  H  H  4  :  4  j!  II  %-i  *H  li 

D  MII  •  tl  t>  ^  u  M  *-*  7» 
o^Hyr'"'i/'yH’snv 
JC  Cl  «\J  N  tl  4  H  ♦  M3  "3  •  3 

<▼*  ^  M  *-4  V-  1 

3hc  32OD«30^ui; 

ioooo;ootooooo«ft 

I  * 


H  N  « 


r  •  m  * 

u)  o  h*  « 
«  > 
t  t 

i  4 

4  4 

%  % 

00  o 


r  t  *  4T 

MOM  ,3  4  M 

I-  »i  II  w  w  ;; 

D  I/*  »-4  ..  *^1  ? 

O  R  ^W«TM^ 

/  C  4  D 

n  y*  14  <v  ■»  u  r> 
Dm5  O  J  kj  2 

w  a  o  u  o  y  «i 


D-26 


011090 


\ 


•  Jtaonpiovtinnnondioa  »or>ot>ooa^ooa*  4  rn  e  » 

t5  ^  M  cy  M  4  K  0(T 

«>^iA  0  0*0  V  ^JvUJsCUNN^K^'S^^^^  O  «  9  «  9  O  v  «  t)  « 

0  4  4b  J  U  9  too  U  >  i49^0)99‘9J4  3ri  1  J  W  3 


• 

-4  4 

«  4 

¥  » 

O  » 

0 

UJ  4 

H 

W  4 

* 

5  • 

Cl 

M  4 

H 

K  ♦ 

w 

U)H4 

^  «X 

1-  ft-  * 

W*  •» 

MW  % 

f>  «s 

<  ♦ 

«r  a 

0  ac  « 

•»  H 

, 

z  » 

«  • 

<  0  1 

•>  -3 

# 

«  H 

«D4 

Ui  ~ 

m  *:  % 

u:  « 

•s 

•  C  1 

*1  U« 

• 

*> 

w 

x  a 

^  *S  •» 

««  V  * 

4  «f  • 

^  2E  h 

Xh* 

»v  u  » 

y  »  *• 

<VI 

*  X  LN  O' 

-  *  p 

^  h  « 

Z  •>  *  1 

h  »  Ui 

CL  <  4 

•»  <  «• 

4  S  x: 

X 

X  X  4 

a.  —  w  m 

O  •>  7 

•» 

U«  * 

v  H  V  T* 

J  0  N 

25 

u.  > 

►  •*  «?  •» 

u  iu  x 

•* 

in  4 

Z  J  V  z 

v  r  * 

X 

M  • 

*—  »*«  % 

•»  -4  **  •. 

J  x  ~ 

•» 

•>  4 

ft  M  4 

e w  •>!• 

UI  M  -V 

N 

*  * 

UI  u»  ♦ 

U.  * 

0  a  •■ 

«k 

H  4 

0  Y  * 

U.  •*  *>e 

w  »  M  H 

H 

W  4 

0  0  * 

W  ^  ^  K  » 

«F% 

•  %Y  *>  — 

X 

N  » 

<  w  ♦ 

w  0  0  •«  Jf 

«*  -> 

H 

♦  % 

UI  H  rk  <  UJ 

O  » 

*>  C  hS* 

< 

4 

Ul  5  4 

UJ  •»  •.  *  Ji 

a  jm 

*  O 

Ui 

•>  » 

X  4 

Z  0  2  4 

•  bl  v 

M  »  O  4 

*  O 

0 

»  4 

HUM 

V  V 

;  c.  »- 

^  ^  t  U 

w 

•  •  X 

t  k.  W  ,-  H 

r 

2?  ^ 

«a  w  2  x  X  m 

^  ?  Z  r. 

«:. 

*5W  4 

Oh\ 

t  C  Ui  w 

**>  *-*  H 

•* 

^  •> 

11  i»  *  ►  r  *> 

*  •»  » 

• 

•>  •*  «t  4 

O  *v 

mi  r*  i- 

‘'Hrf 

esj 

H  H 

«  J  H  HH  *> 

J  ¥«  H  **’ 

w 

H  t«l.>  « 

7  ?  7  y  j 

••  «li'M 

II 

N  M 

^  !•'  ^  11  11  3  »■  j  It 

r  »i  11  n 

II  I  ! 

M  II  ?•  li  « 

e  r  v 

W  O  O  V*  T* 

H  H  *  » 

* 

w  ~> 

♦  ssrH^iiHrs 

r  . «  ->  ~ 

►•*  n  ^  r»  « 

s  a.’  . 

W  »>  H  l-k  1 

^  ^ 

«. 

•  <  >  • 

^  ^ 

.  »  r  *>  4  7 

••»->• 

n  j\  •  a  c  r.  * 

t  H  ">M 

0 

»A  •• 

*»•  H  **;•>!'.  MM 

•»  *a  * 

•»  *-* 

•)  »>M  Y  4 

u  t 

r\  t-  rr 

*  a 

■4* 

W  W 

v\  H  J  «4  H  ►  *4  W.  H 

•j  \  .M-i 

-1  f- 

»1  J  w  ►  3  • 

v>  v 

.*;  u  .ii  j  j  s 

HHWT 

4  ••  .1  MH  -  r 

-i  ^ 

v  7» 

%*  *•  1-  0  1 

M  ^  | 

»•*  >'  r  .j  j »- 

0 

J  D  r»  0  J  0  3  -  too 

4  304 

aooo<oiu*  • 

X  2  « 

D  •-»  H  »i  4  J 

yUNUOQOUOU^ONUOU 

J  O  O  ,IUJ  U  0  0  J  u  a‘  J  » 

• 

I*  «l  » 

4 

(AQQ  JOZ 

• 

O  OO 

•9>  4 

i' 

«* 

*%  «*  »•* 

.4  % 

H 

H  H  J 

-\ 

«  0  ->  0  u 

D-27  . 


THIS  SimCUTlNt  fZN9S  THE  OZSClETC  CONTkOLLADZLZTV  (lint 

HAT*!*  tlivtl 


00  23tI»i,MC  0113*0 

00  Z33J«1,NC  311310 


I 


poocoooaooaoa?  a  a^nooonooonoo  *> a  spoopo 

Nrt  J  ,\On  d  7*  ->*1N  W  AON 

.*  v  /  j  ^  ^  ^  ••  r»  *.»  ,*s  ua  l  o  a  o  o  j  a  o  43 

*1  «<  H  rt  H  H  H  rl  H  *4  *4  H 

HM*4«4H*4<4*4*4',4*4*4«4*4«l-I4«H*4HHH»4H*4f<HH^4>4*4«0H«4M«4*4 

O  O  »  po  '»0'»0f>*!>00“>  333  O  O  1  a  93u9)9TO^P9P?pn 


U 

n 

">  u» 
-  D 

wr  n 
s  r  ►» 
r>  n  r 
jcm  o 
tf  z  o 


4 

X 

o 

2  ••  -4 

♦ 

CL 

Wk  •  • 

• 

«* 

IV 

•  *4  ik» 

* 

ar 

• 

;a  -*4  • 

• 

L5 

~  c 

•*  •»  - 

X 

1A  UI 

>*  •  H- 

* 

*• 

-j 

Z  • 

v  a  O 

o 

% 

•*  o 

UJ  VX  _l 

z 

i- 

CL  i* 

•k 

» 

X 

Z  w 

«r  O 

o 

• 

o 

•k  u. 

0*1  ^ 

X 

r 

* 

H 

o  W 

(A  CL  -J 

•k 

•k 

» 

H 

X  *A 

< 

o 

4 

Of 

•k 

J  J  o 

X 

Ui 

#■ 

n 

n 

J  vl 

•k 

V 

* 

X 

H  #k 

<7  »*  U 

o 

n  — 

* 

•*  H 

o  o 

V 

uf 

•» 

« 

«x 

2  — 

•k 

n 

<M  •> 

•.  r* 

W.  Irt  *Vi 

r 

H 

X 

*-  M 

« 

VI 

V-  M 

•k  *k 

u» 

*.» 

• 

*T  v 

♦ 

H* 

•»  *k 

:. 

OX 

O 

9 

Ii. 

Ui  < 

♦ 

O 

X  *k 

O 

H  M  «  ^ 

:iz 

»u 

lA 

» 

^  Ui 

* 

•4 

— »  H 

t4 

*  1  •  • 

WH 

X 

M 

o 

<  X 

a. 

X  ~ 

Z Z  •*  <H  *4  1 

x 

X 

Ui 

i  < 

♦ 

CL  > 

O 

•  •  «k  • 

o  * 

M 

o 

r 

o  c? 

% 

ui 

<  * 

f* 

•  1  A  • . 

HU. 

X 

H- 

t<  Z 

X  o 

♦ 

2 

X  ~ 

r^-  *4 

•k 

II 

•>  H 

«  X 

♦ 

H 

0*40 

•‘VS  •  • 

CO  c  c 

C 

7-  X 

o  t 

*•»  l» 

f- 

X  W 

c 

X  •  41  . 

C^IZ 

o 

S  w 

X  X 

“3  *a 

» 

i 

X 

** 

^  M 

/»  ►“  «k  • 

•k 

4  H 

«k  v. 

•.  •> 

1 

o 

u 

c"> 

LI  v  «  v  1 

»*  J  *4  v« 

M 

J  H  w 

M  » 

* 

It* 

•*  J* 

0 

J  »■  ■  >*  '- 

•  run 

4. 

U: 

• 

m  tj 

II  II 

♦  ‘  1 

»V 

ui 

rr 

b 

o  o  o 

r  r  h-. 

M 

r>  v 

c 

-»  r 

.-4  •*. 

Cv.  w 

X. 

y  3 

1-  Ik 

-J  O  .j  .J  _J 

u.  r  -  « 

*/. 

z  ♦ 

Li 

«*« 

•  t 

T’-  O 

♦  T  'T 

• 

v*.  a  a.  u. 

•  w  r* 

O 

w 

m  c« 

• 

I 

• 

—*  ** 

w  ||« 

H  M  H  r'  * 

c  r 

i 

Z  JW  w 

r 

3 

-  t: 

M  -J 

IV  IV 

n  a: 

H- 

?H  3  . 

to 

Y.  x» 

3 

J  J  JJ1 

»>•  _J  M 

H 

1 

**  n 

♦1 

-J 

'■'  7  M 

H  7  V-  ^  1 

M 

** 

w 

J  j  j  .1 

u.  a  o  o  ii 

IM 

£ 

‘JOU. 

O  *9 

O  O  V  h  « 

Ofou;4 

1' 

r»  m 

u. 

•(  4  <1  «t  1 

Hjaav  r»i:oz-«rooao  a^ozo^ui 


•» 


o 


w 

IV 


n  rt 
-x  -» 

CS#M 


WOHI 


u  o  u 


D-29 


I  F<  I0(  H  .  C'1’ .  j  Jit  Gv;  i  0  UilCSO 

CA'-L  ri0T(-  .„:>,3.b5,J>  t  CALL  M.  0T  (-7  .  Oi. ,  7  .55*  2)  «11G90 


DO  2‘JI  *1*7*2  011700 

CALL  STM”J0LfI*.l-*>.’*,'.'3?,  .07, 1  0(1) ,90. ,20)  OIj.710 

call  “LOT (-t .0**7. IS, J>  ICALL  PLOT (-#;o$,7.S5,2>  011720 

CALL  fL0T(-C.li5»*(.!»5-,J)  i  CALL  PL OT  (-7 .  (.5 *9  .55 , 2)  011730 


v3  io  o  oO  a  ^  o  a  a  n  a»  o  3  no  o  o  o  t.'  -a  o  o  a  n  o  o  o  a  a  o 

.*  ,|S  X>  Pp.  *>  O'  *3  *4  f\J  tO  •  \^  kO  *p  «H  7*  "O  »4  CM  K>  1  -.r\  OS'® 

I  4  J  *-»  I  -  u  O 

*4  #4  H  *4  «i  H  r<  *4  *4  H  »4  H  H  H  W  H  »1  *4  *4  ^  H  H  »4  *0  H  t'O  N  <V  N  N  fL  *N  N  •  J 


i-anoacacjoio  j  o  *i  o  ?>  o 


-j  o  o  o  3  n  i  o  ■»  a  ®  a  o  »c 


4A 

*4 

CM 

tv/ 

«A 

A 

CM 

CM 

AP 

4 

4 

u\ 

•A 

CSJ 

4 

A 

-%  IM 

♦ 

•» 

z 

#“«k 

csi 

#»• 

#>p  m 

CM 

A 

z 

z 

fsi  4 

z 

W 

w 

M 

CM 

CM  CM 

A 

z 

w 

A# 

•  z 

w 

V 

X 

O 

•k 

O 

A 

*  pk 

w 

V 

X 

I'S 

V 

4 

• 

r> 

u>  a*-  u\ 

IIS  A 

W 

>- 

> 

« 

*o  X 

A 

Ift 

9 

ts  4 

X 

A 

JS 

•A 

•  « 

o 

9 

« 

5 

P 

•  4 

A 

A 

« 

a 

H 

• 

• 

4- 

H 

O'  O 

or* 

» 

®  c r* 

•A 

t4 

• 

4 

a  •■o 

♦ 

•4 

•>  ^ 

A 

a 

H 

A  A 

fi 

A 

r4 

rl 

lT  ♦ 

2* 

♦ 

• 

o 

Z  to 

i.* 

3  I'S 

Pk 

VI  ..\ 

A 

2 

a 

A 

•o  r 

w 

4k 

A 

o 

•»  4. 

p4 

• 

4-  / 

«■» 

p# 

•p 

A 

•  -vw 

► 

rl 

*4 

•  4 

P 

J 

• 

4 

•  4 

PA 

>- 

rl 

*4 

Wk  -.  X 

A 

♦ 

4 

I 

CM 

N  *4 

>» 

4 

M 

►  P<  H 

4 

X 

A  A 

4 

a  1*\  •> 

• 

2* 

2 

a 

• 

4  p4 

1 

c* 

1 

%  1 

PO 

A 

P 

Z 

z 

44  A  • 

4* 

P# 

•• 

•p 

c 

X  «k 

** 

UJ 

H 

P-  w 

A 

P 

9 

A# 

44 

4-  •  O  «0 

X 

X 

a 

to  u 

• 

P- 

# 

P* 

i-  a- 

4 

a 

O' 

X 

X 

cu3»h 

ll 

II 

e 

z 

• 

Wi  ^ 

o 

O 

COO 

4 

A 

A 

II 

M 

s*^ : 

A 

•N 

#A 

A 

o 

J  4# 

_l 

pH 

-J 

M 

4  — » 

A 

kP 

L» 

A 

•A 

• 

H 

rl 

-0 

a 

*a  ►- 

a 

Pk  a  a. 

** 

P 

• 

H 

r4 

PI  N  «A 

4 

4 

«* 

* 

o  a 

c 

•p. 

to 

•f 

IS. 

A 

A 

J  f4  » 

•> 

Z 

z 

o 

4. 

W  -4 

-j 

H 

-J 

p3 

J  -4 

•4 

A 

A 

z 

X 

J  -  ® 

r 

w 

p* 

H 

O  M 

& 

j 

w 

-J 

• 

-4  J 

w 

-> 

a 

p*» 

p«f  O  CM  CM 

X 

X 

X 

2 

J 

llL4 

p44 

o 

CSJ 

VJ 

V 

X 

O  H  • 

•k 

z 

A  p> 

J  -i 

OHO 

o  OO 

H4 

a 

A 

A  A 

kr4 

0P» 

k*i 

n 

Pi  — 1 

TP 

A 

A 

A 

A* 

W  4P 

w 

> 

H 

O  «T 

‘A 

•A 

•4 

• 

»%  «A 

«~» 

A 

•4 

•  .■*> 

■rl 

•P 

•p 

A 

rl 

O 

4 

• 

r- 

rl 

A 

A 

•A 

*A  •>  4# 

P4 

cm 

M  CV, 

«c 

7 

V4 

#>k 

H 

«pk  «k. 

#k 

•A 

A 

p^ 

A# 

CM  li 

CM 

•»> 

ru  »#4  r> 

r> 

A 

T 

4 

•» 

n 

Mk 

n> 

M 

h* 

•*\ 

• 

P  •  M 

w> 

A«  IA 

n 

•A 

A 

-r 

A 

A 

*■  H  H 

M 

7j 

a 

Z 

to 

X 

►4 

#>k 

•k 

•k 

pk 

• 

A  A 

A 

A 

H 

H 

M 

r 

A 

z 

% 

•>  •  » 

•« 

P* 

a 

pr 

►- 

a 

•k 

*4  #k 

*  * 

n 

P 

-V  A 

k\ 

l' 

• 

A 

A 

p< 

a 

P-* 

-> 

JHH 

H 

X 

2 

X 

J 

X 

•-* 

p*  PO 

to 

*o 

0  4N 

.>  e\ 

0  ro 

H 

u'- 

.0  X 

z 

X 

• 

• 

4 

*> 

♦ 

o 

-l 

-4 

•4 

r  i 

• 

p 

p 

p 

«k 

•  • 

• 

• 

A 

£ 

o 

♦ 

A 

4 

<r 

J'  AJ 

.M 

H 

*4 

2 

a 

X 

•>  p. 

»4 

p4 

CT> 

a* 

*> 

kT»  a 

<T* 

H 

•  r» 

p 

p 

r 

•4 

/ 

*• 

•»  u>  •* 

•k 

• 

«. 

• 

ai 

a 

>■ 

n 

a  • 

•k 

* 

«k 

•L 

rl 

A  A 

A 

A 

•  4 

t4 

H 

p 

A 

p 

*^N 

J>  •  o 

JN 

CM 

7 

CM 

.j 

< 

•k 

>- 

p  o 

A 

• 

J\  l\  L> 

.N 

p 

A 

A 

.> 

2 

H 

®  *)  J 

JO 

— » 

1 

* 

4 

A 

2 

X 

<-k 

r  - 

ro 

*4 

to 

t 

to 

C  t 

to 

»o 

o 

t 

«y 

A 

A 

1 

• 

•  1  • 

•  M 

a. 

X 

«*k 

CM 

•4 

o 

»4  O 

•* 

• 

4 

• 

• 

1 

•  • 

• 

p 

1 

P 

p 

•P 

> 

•P 

C 

n  v  r» 

n 

♦ 

r  1 

«« 

fi 

4 

P* 

> 

c 

x  • 

kl 

P4 

CM 

w 

p  k 

TP 

P-. 

w 

i , 

pp 

A 

A 

1 

•  -j  a 

1 

4 

> 

4 

2 

4 

D 

X 

A 

*-  a  . 

1 

1 

1 

I 

*k 

— J 

1  1 

1 

1 

_l 

1 

i 

♦ 

X 

4 

w  c*  ^ 

»k# 

P»- 

7# 

44 

Z 

4# 

C 

u. 

V 

U  w 

w 

w 

w. 

P- 

Pk. 

c 

p#  w 

W 

o 

P— 

Pr 

z 

P-* 

Z 

0- 

i-  r»  ** 

r. 

X 

w 

1*1 

p-> 

V 

V 

T* 

* 

• 

.1  W. 

%- 

»• 

L. 

»- 

•k 

V-  u 

% 

L— 

r* 

•  r 

Pk» 

M 

44 

O 

C  T  ►- 

14 

1 

V 

z 

V: 

1 

r 

ll 

c 

w- 

*t  9  o  o  n 

O' 

r 

C  O 

c 

r 

0-" 

•-i 

X 

z 

X 

-J 

O  X  > 

X 

H 

II 

0-4 

11 

•1 

z 

4- 

UO  -i 

-J 

J 

.1 

-J 

II 

X 

-J  J 

.1 

-1  X 

X 

X 

ii 

♦4 

II 

6. 

C-  »/*  «i 

•r 

** 

.4 

J* 

_ 

•\ 

Z 

k  1 

• 

i  ■>  a 

** 

a 

«p 

V* 

i/* 

C.  U. 

a 

L- 

k/*. 

•4 

*? 

«A 

kJ 

*A 

fJ 

p"4 

44  CM 

•• 

z 

c 

1 

H 

•4 

-J  -J  -J 

-J 

♦ 

♦ 

-J 

4 

4 

r> 

v> 

4.' 

•  u 

z 

-i  -j 

-1 

_J 

.j 

-J  CVI 

-J 

-J  — 1 

-i 

J  J 

-J 

_J 

A 

o 

4 

.1 

J  J  I 

-i 

Z 

•a 

1 

*• 

4# 

*•> 

M 

•9 

4“ 

•— 

«  j 

J 

J 

.# 

.1 

4 

.1  / 

i 

.4 

» 

-J 

*T 

.1 

T* 

<i 

t44 

•t 

p>* 

p* 

< 

4* 

w 

-j 

X 

D  HU. 

4  %« 

VA 

1 

<4 

<1 

o 

«_ 

Pi  ‘1 

a 

a 

pi 

•4 

•4 

p# 

<1 

*■ 

OOO  J 

o  X 

X 

<1  X 

X 

p~ 

Ll  O 

hu  ;jo') 

L>  o 

o  o 

OOO 

o 

o  O 

o 

X 

o 

X 

9 

•4 

•> 

•O 

>4 

M 

r» 

OOO 

44 

CM 

CM 

ro 

^i.ru’.\  i  E;u  ai2c90 


I 


i 


»  j  \r\  jn 

f<  H  *4  ■<  H  H  H  H 
N  N  M  N  M  \J  ^  M 


r»oaoino-s 
r  7*  *>  H  IW  »»>  fUN 
«4  «M  4.  fSi  4j  <V  Ai 
'v  <y  N  .nj  .j  N  fi 


o  oo i a  j  o  o 
CN.  a  <T»  o  *•«  is;  »*■* 
*j  *V  a;  fs;  -o  k.  o  *0 
<M  .X  «S4  ISi  «sj  CSJ  M  Cs» 


oooantj^o 
T  ^  O  v  o  >  r»  *4 
>i  «0  *n  r  *i  »i  j  .? 

csi(sj(s;(S;N<Vi<vM 


aaooorjca 
N  m  .•  ^  o  ^  ^ 

1  ^  ^  ^  v  / 

(V  N  M  N  ■ ;  N  MM 


•4  «4  H  «4  H  H  H  H  H  r*  ^  H  H  f<  *■«  —4  r4  H  *4  H  r<  H  *4  H 

a  •»  ac>  •>  a  o  o  iiaoraonoa^  a  a  a  o  a  n  a  o  o  o  a  a  a  o  o  o  a  oq  o  o  a 


;  ** 

H  » 


a 

X 

«fc 

KHZ  H 

• 

< 

« 

<r  —■  a 

a 

X 

a> 

r  o  a  q 

a 

« 

o  T  o  ca 

a 

</l 

Vi  o  ^  r 

• 

Of 

AO  a  x 

• 

aJ 

m 

—  X  a  *-« 

• 

4- 

3  no  3 

a 

o 

3  A  V-  A 

4 

1 

HOO  a 

♦ 

2 

I/I 

* 

w  *3  O  O 

• 

< 

Of 

% 

ZH£  a* 

M  # 

X 

UJ 

1/  A 

UJ  a 

o 

4— 

X  z  A  n 

J  ■ 

O 

i;  h  a  «4 

4-  • 

u 

5 

% 

vi  r  o  w 

m  a 

u> 

AX  K>  M.  < 

h  a 

w 

•X 

«4 

A  A  *  O  vJ 

• 

X 

■j  A  3  *0  ^ 

•«•  • 

o 

» 

90  h  a <r 

-a  a 

Ui 

a» 

m 

h^  v  j  y 

en  * 

-J 

44 

0 

m 

^H0»0  J 

*!  4 

H 

•JV 

m 

x  w  r*  ^  a 

►4  • 

M 

w 

9 

«t  x  r  * - 

^  • 

V 

o 

m 

T  4  «r  w 

*r  a 

14 

7T 

4-* 

9 

0  4*  a  v  -4 

i  > 

ftf 

o 

M 

9 

wr  a  z  * 

a 

u 

u 

1*4 

M 

♦ 

c* 

A  A  ^  X  A- 

»«*  «, 

# 

J 

*— 

A 

* 

«•• 

m 

A  A  V«  »  --4 

ar  a 

4- 

K 

z 

<* 

«T 

IPi  4 

c 

c? 

r-«  n  am»a- 

o  * 

*4 

N 

UJ 

s* 

n 

► 

t> 

• 

3  ">  CJ  34 

- J  « 

4- 

r-* 

» 

«© 

H 

O 

9 

H  HM  N-J 

-  i  t 

«•* 

a 

• 

*4 

o  z 

9 

~  V-  W  ^  Y 

<4  * 

W 

1 

O 

O 

4-  O 

9 

4*  OC  3< 

• 

w 

-3 

J 

4- 

fy  >- 

w 

u  a J 

UJ 

9 

<  O  O  K»  :•* 

UJ  a 

-J 

«J 

• 

H 

al 

O  - - - 

-J  A 

9 

n  z  x  ^ 

2  4 

4- 

1 

o 

•  O  *4  -J 

O  4- 

a 

K  O 

9 

4-  D  y  J  3 

M  ♦ 

#-4 

IU  V 

• 

y 

o 

Ui  o 

a 

f- 

-sUIH 

WHH 

9 

H 

\  o  \  y  n 

t:  * 

1  ■ 

-1 

Z! 

1 

2  r» 

** 

C-  4». 

w 

• « 

W  «4  »« 

u 

1  u 

9  M, 

4 

«\.  a  ►  ;.  ., 

D  4 

4-  4*« 

**  i 

44  *4 

o 

•  U 

H 

H 

4>  4-  a 

1 

A  H> 

«■  *4 

X 

a 

o  ^  o  r  o 

O  4 

UJ 

H 

->  c 

•  Cf 

*r 

^  L' 

V 

H 

•  M  H 

H 

«4  A 

»  A 

«x 

7*  r~  y  A  T 

t'  4 

z 

t- 

a  H 

4  A 

—  .-> 

•  H 

H  « 

Mi 

mi 

•:f  ►-  *r* 

"f  r?  y 

«! 

7* 

tA 

A*  **  V-l  A  M 

r  • 

H 

C 

H  ^ 

s  : 

.  %  c>  :. 

a 

»-*  k-_ 

>■* 

-3 

i** :  i 

•4 

II 

»•  KS 

Tf 

mr  r 

i  ♦  h  a  h  ii 

Ut  «  *  uM 

» 

W  »  t  Ij:  J 

m  »  r  u  v 


•"•  a  a  3  *—  I,  ^4 


-a  li«  '-  U  «t 


«:  -«  o 

HOC 


K<  ^ 
•-  a 


z  o 

-4 

r  w. 

a.  iy 


M  M 
H  *  « 
1  II 

a  h 


4“  Q  o  I  ^  n  • 
•  v*  V  .  m  P 


x  *0 

o  ^ 

M  D 


o  M 
o«  Z 
HO  * 
^  a  h 


I  M  •»'  C  ">  M-  O 


**  r 

*<  l»  H  -4  **->  _J  I—  C 

^  'V  —  V'  il  »-  S^* 

a.  ko  U.  u.  n  H  c  u. 

H  U  H  H  ‘J  *-  o  M 


t  X 

a  a 


Lj  *-  < 

^  ^  r 


v*j  v£  O 

-j  a  u. 


» 
% 

•  • 

ooo 


a 

« 


j> 

o 


V*"  c  -J  s  ^  v  r”  \ 

7*  «  j  *  a  •.  \l  o  '. 

a'  ja  r*  O  *  *  r  *?*■»  O 

r  t?  or  ^  o  h  ):  r  l*  ^  r 
^  »,>  «•*  r>  ^  ^  ^  v 

»-J  Z  4  >«■%#'  O^L>‘->>%J 

^u^ota-jo 


V 

u 


CO-<MOK/*rMOr/AC10,15>,M,N,8<lC,ift>,MO,NB,F'UO»l<»,  OlSSlIb 

♦6U.»,v:,>»C(Hj,1C>  ,MC,«C  41^518 

Cytio;j/»>uoTri/x,ixvs{5c,t>  »sup,iwas, jwas,iwa>»i,jhasi  jizszj 

CAU.  VI-«.Jl.FP<KMOT,kK03,N2,K,tll,3a,10,KNKL»3C,I£R)  OlC^SG 

1FIH2.G;. .41)  CAtL  LSVA.aMHKL  »KZ  ,N1, 3  J  ,  31- ,£  ,  V\f,SIVS,UU,  VV>  uwliil 


k 

r 


oooo  ooooooo'j'io  jan-ao.inooo  jooooo  aoooacnnoo 
»WN»0.*U'*i)^^roH<Ni^J^  ON  •)  C  .»  H  »>J  M  r^JN  r  C  .)  N  r  J* 

O  CT*  S'  O  ff1  T'  'T'  ^  T1  O  *  t-*  'ZJ  O  )  „•  .»  »i  H  H  H  H  H  H  H  n  TJ  ^  fti  f  J  f\J  N  IV 

WNfifuf'j<v,\j(\j\i'u»<inv)n,#iv)fO'0'0^(onnro,nfo^fO',)rofn'of'»',>w>'Of,!M^)fo 

«4  v4  H  *4  >4 

ooaco  >  -jonoo  ■»l->->o->'>‘3-*»3  )  ">  o  o  t  o  J  o  o')  I's'j’Jooo 


a  O  O  J  3  -3 


w 

« 

* 

ft 

(A 

M 

r? 

Ui 

X 

PO 

» 

o 

a 

ft 

-1 

to 

=> 

ft* 

> 

t 

a 

ft 

> 

•> 

> 

-ft 

«k 

> 

ft 

Ui 

CM 

-3 

ft 

r 

Of 

o  » 

H 

3 

u 

H 

» 

«  «■ 

rl  O 

ft 

ft 

^  D 

ft 

h* 

% 

-J  « 

w  3 

H 

O 

y)  *k 

(/) 

4* 

D  » 

X  H 

Z 

t4  ft 

<t  /i 

> 

If 

* 

O  • 

<t  ^ 

ft 

w>  m 

3  > 

►H 

O 

♦ 

Z  V 

r  o 

«■* 

a  -j 

->  —  h-4 

to 

u. 

* 

M  * 

o  z 

Q 

L  I  -4 

•*  ry  to 

ft 

• 

(A  + 

(A  3 

▼4 

X  •* 

w  u  •• 

> 

• 

* 

« 

♦  O 

«k 

Z  CJ 

co  *-«  > 

»- 

* 

X  » 

~  X 

*> 

?-• 

<  •> 

ft 

< 

• 

H  * 

o  »ro 

X  **■' 

3  *3  •> 

-3 

X 

* 

Of  * 

o  ^ 

w» 

ft  Ll 

l-«  f>  CJ 

ft 

* 

N-  > 

H  JO 

rf-H  ft 

«  (k  ik 

© 

— J 

■+ 

«X  4 

^  uO 

J  3 

V)  -J  o 

n 

ui 

> 

X  * 

Z  TH 

X 

H  Z 

1  V  ro 

ft 

if 

» 

♦ 

o  — 

(A  X  CJ 
ft  X 


^  X  ► 
~  -  CO 

<  ^  < 

UO  X 

r*  H  H 


CJ 

Ct  H 

«k 

4 

CO 

CJ 

z 

CJ 

;/> 

•A 

•k 

•k 

• 

ai  ft 

ft 

ft* 

n 

J 

C-. 

J 

•_j 

a 

•> 

z 

•k 

z 

X 

U. 

•k 

*> 

•> 

X 

ft 

7. 

X 

V# 

W  o 

•o 

3 

-4 

»4 

•* 

•k 

o 

^-4 

r4 

VO  00 

♦ 

*- 

> 

ft 

•4 

X 

n 

w 

•k 

w 

L't 

•» 

-J 

-1  »A 

•0 

«k 

•k 

<  «r 

♦ 

ft 

*4 

ft 

< 

X  X 

»- 

a 

•> 

* 

y 

y 

> 

> 

•/) 

^4 

PJ 

3 

3 

* 

1— 

II 

•J- 

X 

<X  <F 

-J 

z 

z 

«— • 

r~t 

Ui 

z 

/. 

m 

o 

ft 

<i 

“> 

• 

c> 

T"  ft 

V 

*4 

•k 

T 

fA  #/^ 

■O 

w 

W 

W 

1 

o 

N- 

ft“ 

ft 

“O 

CO 

T  ~ 

•k 

•k 

•k  CJ 

«— 

w 

-1 

PJ 

*1 

to 

# 

o 

t-4 

ft 

^  c 

X 

o 

i: 

C>  J 

/ 

Lk. 

u. 

vC 

«u 

<1 

X 

X 

> 

> 

CM 

< 

C.0 

ft 

•k 

”> 

ui 

. 

«k  «u 

-y 

tA 

.  J 

-> 

( 

w 

u_ 

k_ 

u— 

w 

• 

h_ 

» 

rr 

ft 

A 

r 

C  ft 

w 

•k 

w 

n 

«r 

* 

•T 

•y 

r" 

z 

x 

O'*  CO 

J- 

X 

4 

z 

r 

ft 

N-» 

»4 

r» 

»  ~i 

•-> 

< 

j 

•_)  t> 

> 

H 

> 

O  o 

y 

»-4 

1-4 

II 

II 

»-4 

o 

t 

ft 

► 

X 

*kk 

H 

+*  ro 

ro 

UJ 

w 

X 

> 

X 

00 

►-I 

A 

vO  S\ 

X 

— k 

A. 

•• 

X 

♦ 

.If 

V 

w 

H 

ft- 

J 

w 

» 

X 

« 

•k 

—4 

-/ 

_i 

-J 

>  > 

-i 

a 

a. 

*>i  kM 

»4 

X 

t 

a 

t 

CJ 

ft 

X 

ft 

1- 

o  c 

j 

<r 

j* 

M. 

to 

•k 

_J 

*J  O 

5 

w 

«— 

X 

ft 

4 

X 

.1 

X 

f 

«r 

o  o 

fO 

ir. 

H 

J 

«k 

n 

-j 

V 

-J 

— J 

_j 

.j  o 

-j 

— i 

X 

X 

»r 

*kk 

«- 

UI 

• 

*— 

ro 

o 

►- 

X 

z  x 

»-* 

O 

w 

H 

»-4 

o 

_j 

— 

_J 

-J 

-j 

"~k 

X 

A 

-j 

-t 

•c 

3 

CM 

ft 

z 

ft 

z 

►- 

O  Of 

-J 

3 

tX 

•> 

V 

X 

< 

X 

4 

4. 

•J 

,•» 

C-ft 

< 

< 

X 

r 

H 

w 

ft 

M 

t 

-ft 

— 

•• 

■* 

•NJ  N. 

O  N. 

V  V 

V 

V3 

H 

if  o 

11 

O 

U  O 

(/)  UJ 

o 

X 

X 

*— 

X 

• 

4 

Of 

■J 

•-ft 

PJ 

y  c- 

ft 

V  | 

«/ 

w 

<<k 

c 

c . 

*- 

Z.' 

u. 

X 

•A 

M 

z  a.  o 

~  o 

X 

C* 

6 

►- 

L. 

H 

CJ 

>-4 

h- 

U. 

t-4 

H 

> 

T. 

ft 

o 

- 

r 

ft 

ft 

«x  -  r 

3  X 

ft 

I 

"r 

e 

o 

U 

z 

z 

7» 

1  -i 

x 

z 

X 

X 

X 

x 

z 

ft-* 

X 

J* 

r.; 

u: 

X 

c.» 

= 

T  »/*  M 

")  M 

«*» 

►-4 

►-4 

_l 

>1 

• 

» 

•k 

*k 

• 

• 

• 

k— 

• 

• 

• 

• 

• 

'A 

II 

c* 

z 

ft 

—4 

T 

*4  T 

r 

n 

z~. 

A 

tii 

H 

•  4 

• . 

k. 

«:  * 

ft— 

If 

• 

•k 

’  J 

ft— 

M 

i.r 

ft— 

II 

rv 

2 

TO 

•  ft 

o 

*4 

ft 

a-  IJ 

i  j\ 

\ 

rt 

N. 

N. 

V 

X 

II 

li 

-o 

X 

w 

C 

_J 

•• 

o 

— • 

X 

•- 

— 

(M 

to 

r— 

4—4 

It 

_■ 

V-  3 

<r  n  z 

ft  1  X 

•k 

7; 

vi 

’* 

• 

7* 

• 

• 

r. 

CJ 

• 

• 

• 

• 

Cl 

m 

O 

.1 

IA 

•  —  X 

e'o  o 

r-*  o 

c 

o 

•k 

o 

PJ 

t-4 

•> 

ft- 

1-4 

Cl 

CJ 

pi 

X 

k— 

w 

PJ 

r; 

M 

r  • 

PJ 

O 

ft 

o 

z 

C“ 

t:* 

<r  ft-4 

ohj: 

Z  X 

N> 

V 

z 

X 

-1 

z 

_J 

H- 

z 

x 

X 

w0 

x 

r- 

X 

X 

r— 

X 

X 

x 

IT 

ft 

•  H 

1 

J 

•  u 

PJ 

1 — 

-  ft- 

o  o <r 

C?  "*• 

w 

**■ 

-J 

w 

V 

*-* 

w 

w 

w 

•u 

er 

w 

•»«» 

k»» 

w 

M 

O 

ft 

7* 

cr« 

«ft 

•v 

zoo 

o  o 

> 

o  o 

o 

li. 

o  o 

z 

o  u. 

u. 

tL. 

L. 

X 

u. 

u. 

o 

lik  u. 

(J 

-  -  » 

i* 

* 

o 

»-«  c 

i 

o  o 

1  JO 

*.n 

T> 

O  V  ) 

3  O 

O  »-< 

O  Cl  X 

o 

M 

»-« 

1-4  X 

ft- 

—4 

H 

UHH 

X 

X 

UI  ft 

« 

JO 

Cl 

o 

3 

u  o 

D-33 


KtfUttf  015300 

EHO  013310 

013320 


do  a  oo  oa  c  o 


o  cooooooooooonr^i 


3  0  0  0  0  0 


3  * 

O  m 

H  3 


o  ** 

•k 

9 

co  r> 

> 

: 

-J 

-  3 

> 

> 

^  •» 

> 

•k 

UI 

> 

O  AJ 

**> 

«• 

r> 

X 

*i^Z 

•4 

o 

M 

ftf  » 

H  J  « 

•> 

▼4 

o 

•k 

H- 

<  * 

w  JM 

-3 

yi 

•k 

(A 

-1  ♦ 

X  -47 

*4 

— 

7> 

> 

kx 

3  ♦ 

<  w  * 

w 

2 

> 

M 

o 

19  ♦ 

r  c-. 

O  o 

-1 

-k  h 

to 

u. 

Z  * 

0  2*3 

UJ 

H 

<K 

to 

•k 

H  C 

WOH 

X 

•k 

t4 

aJ  «k 

■> 

• 

CO  f 

»o  •* 

2 

23 

to 

H  > 

> 

h- 

< 

i 

H 

H 

a 

•>  > 

•k 

K  V 

•*  & 

2 

w 

2 

*  3  «k 

o 

X 

M  «• 

«_ #  •—  ^ 

•» 

U. 

M 

fO  CO 

•k 

Of  * 

H  OO 

•> 

•>. 

•>  «k 

o 

mJ 

1-  V 

^  OJ 

o 

o 

cn 

-J 

ro 

Ui 

<  * 

2MX 

▼4 

z 

<x 

v  ro 

•k 

V 

X  t 

M  ^l/ 

•% 

•> 

2 

z  •> 

S 

z 

♦ 

X  2  * 

“o  tr 

“Hr 

ro 

«* 

• 

•J  * 

<J>  r-  ~ 

^0 

X 

•. 

•.ro 

•k 

X 

UJ 

wr  i 

•k 

to 

14  •* 

CM 

^k  #k» 

^  *■ 

~  x 

— * 

—k 

< 

tH  H 

Z 

UI 

to  v> 

z  « 

«.•>•* 

*2* 

UJ 

2 

■“  Z 

•* 

X 

>  > 

•k  — k 

tf  * 

.  C- 

20 

♦4 

M 

O  «k 

M  4k  #<* 

>- 

M  M 

t4 

X  • 

J  3  r< 

•*  <x 

«k 

•.nM 

2  CM 

IA  CO 

•k  •» 

* 

*4  w  w 

•» 

V 

o 

a. 

•*  z 

•k  z  z 

U- 

•*  •* 

H  rl 

UJ  «. 

«HO 

X 

*4 

o 

—4  •• 

1-  *  * 

o 

H  H 

to  to 

X  » 

X  ~  O 

•« 

w 

wl 

2  — J 

-J  'O  '40 

•k  *k 

-t  < 

1-  4- 

<  xr 

x- 

— •» 

C3 

•k 

~  V 

X  >> 

7) 

*-«  CM 

2  2 

♦ 

i 

-1 

w 

•k 

Z  2 

7mm 

Ui 

Z  2 

o  -> 

w  -• 

n  ^  •*  v 

—4 

-  X 

X  l*  *0 

r> 

k-»  w 

k*>  w 

o  « 

c n  t  ~ 

z 

•» 

•k 

•k 

Cj  w 

4k  M  k4  k4 

-i 

A!  CM 

40  CO  ^k 

O  A 

*  W 

X 

O 

T.  O 

k-i 

X  £X 

o  Cc  «x  c 

«3 

X  X 

>  >  *H 

< 

►-  »  X 
f  *  <*. 

-J  ^ 

&f  «■  C 
III  «-  o 
>  »  -X 
o«o 


1  TV  -1 

h  hio  n 

m  O  C*  CO 

«x  o  o  r»> 
x  z  x  ~- 

*-  D  fc'  _l 
>  N,  OS  y 
c*  *.r  i 

ao«o: 
r'  x  n  .x  •. 
I' m  r  m  A 
T  ^  T.  - 

:  j\ 

x  z  o  Z.  ~ 
'  o  o  ~  c  *-? 

Hi1  2  X  “0 

i  o  r  r>  ~ 

:  o  o  o  c-  > 

-J  o  -o  > 


«I  30 
J  HI 

ic  *■  •* 
<  n^. 

1  h  J 
O  —  t-« 

2  <  •» 
S  \  J 

c  o  *- 
r  r  <• 

M  M  •« 
r  ^  ^ 
\  \  — • 
2  IH 

CO* 

r  r  o 

—  T  «-4 
o  o  W 
Cl  O  O 


c  < 

.*>  n  > 

>  z  to 

m  _j 
yi  * 

-  cr  _j 

rH  o  _i 

m  «t 

rl  /  J 
»-  U.  <M  < 

c  u  r  r  ; 

j  j  • 
x  r  i.i  «■< « 
n.  x  e  n 
:  >  •  ■ 

o  MM* 

I  J  2  ki*i  « 

▼*  -J  W 

C  <S  U  O  ' 

t>OHQ! 


•  fc-  . 

*  «?  Cf 

M  >  O 

fH  CO  i/H 

—  -j  >  : 

-j 

v  -j  -j  . 

Z  J  j 

X  <  «  - 

II  *JU( 


o  ** 

to  < 

>  -J 
o  o  : 

•J  O  O 
-I  3  2  A 
<t  JM 
O  />  aJ 


i  ».»  o- 

o  o o 


2  2  X  X 
•  •  •  '*■»»—! 
►**  'o  «•>  • 


!z  o  u.  u. 
X  O  -4  M 


•  ft  w: 

cm  r* ~ 

T  a  X  f- 

w  ^  M  4* 

u.  u.  -i 

HSC.H 


2  2  ^  V* X 

*-♦  **4  ll  II  n  < 

re  x  ~  ~  *x 

a.  a  h.hhi 

~  *n  v 

-J  -J  X  X  <1  « 

_J  _l  <X  2  -4 

<  <  r  x  -•  ~ 

O  U  X  x  —  2 

«  ^  ~  ^  c  »-» 

M  r<  H  vO  I 

2  2  2  2  w  X 

•  •  •  •  f*  ll 

•  ♦it  b-  l:<  Ll  t-  ll 
O  .J  D  t '  -J  ~  r-* 

•  •  *7  •  •  H  *» 

fl  M  UWM  «-  C) 

2  2.-2222 
ww^wwmOO 
U.  U  O  U  U  X  *J  Z 
l“4  H  U  H  H  I  I  l«J 


*  I-  *  * 

*  2  <  X 

|  H  I  ^ 

*  IX  *  <M 

*  a.  •  x 

*  Ui  *  z 

*  2  ►  M 

*  »H  ♦  Of 
I-  U- 

*  r> * 

*  c  •  U; 


.0*0 
I  *  c 
*•/)>* 

*  m  ♦  r 
-  X  ♦  o 

*  h  ♦  W 

*  * 

♦  ♦ 


D-34 


01  ME  IS  ION  0*'AT  <30  » 1)  013b90 


00  913700 

WRIT ct*,  tO  I»  (DM AT  (Xt  J)  •  «13710 

F0<«Ai  (lRjfTZf  <r4,f,<i»EiJ.<»,lX>  ))  '  013720 


I 


D-35 


this  SUBROUTINE  PRINTS  OUT  THE  OBSERVABILITY  MATRIX  UHOO 


O  ^  OO  o  P  3  0  0  0  0  30  9000  *3  00  300QOOC3  9  3  P  O  O  C  5> 

Q«4Nn  4  ^  O  K  t)  >  >riCVJKI^X.  'fi  K  T)  r  *>  H  N  10  «4  .>  4  5*  <9  H  » 

^  *'t  ^  ^  ^  «'■  «•  ^  ^  a  w  J  a  ^  J  JOOj^KS.%NN:-NNSOO  0  0*0 

•/  1  4  <1  4  .r  f  j  J  c  J  ■»  j  J  j  ^  4  3  >/  r  4  4  4  4  4  4  4  4  4  4  4  4  4  4  / 

•4  •4*4H4HWWW»4W»JiMHHHMf4«4HW4*44*4f4f4H4iP<HHf4HM 
OnOQO  O  3  3  0  3  ^  O  3000  3  0  0  0  1  3  5  3  O  p  ^  3  3  3^3  330 


tnJ  gl4dc.!) 

...... v. ..••**..***.#.««*»..*,#.***, .  Oil j73 

ruts  iirxoiriNt  multihi's  two  matrices  uneso 

'“'’  0lvtf>#0 


SU1RJJTI.JE  *'MW.T<A,0,:,L,M.M>  OI«.0a9 

ClHtVZM’J  Ativ.tlt)  .3(11,11)  .Ctlli,  lOf, 0(10.  tat  mctna 


O  *  ^OHdOOOO  30  u  o  n  O  J  ?unoo  OO  O  O  *1  O 
rsl  fO  »  J'.  O  N.  "O  -T  3  H  N  n  *  L."\  J  N.  r*  T  r*  H  W«  T  •  *N  3  k  C  T 


»  »>  "*  to  ♦  C*  »  »  I 

IrU  H  V  II  * *  M 

H  •  II  «“»  —  it  II  , 

i  y  ^  r  v  h  ^ 

I  f*J  II  *-«  11  •  -O  M 


%  UJ 

•  <A 

%  z  or 

r*  O  J 

•*  Z  M  > 

•  NH  •  Z 
m  H  x  H 
%  O  O  H  «r 
%  2  2  y  m 

•  3  O  *-  M  • 

•  O  O  *t  X 

«  U.  X  W  -« 

o  ui  m  y 

•  WlWtf  r- 

•  iL>i*2H<r 

%  2  WH  I 

•  HU O 

•  hrOl/rn 

%  D  *1  w  4 


§  S 

to  to 

fSI  o 


.>  »  I 

H  3  4  t 

^  O 

ar  wo  u.  2 

<  I  H  OH 

©  z>  *■  o 

o  ^  «i  a  z 

•.-3  «  h  uj  o 

^  H  J  ^  <P  X 

o  z  r  w 

ri  *1  *  <  r>  L-J 

•>h  >  a?  z  if 

3^hi-  y 

H J-3  Z  3 
w  «*  L.  O  0(1 

iSJUf  Z  >  fH 


% 

or  w 

*x 

to 

U 

to  ». 

w 

o  iiJ 

kfc 

«- 

y  m  *t  r  o 

**  to 

n 

H 

rl 

X  v 

% 

« 

«  k-  U. 

<  ^ 

7. 

to 

»  • 

to 

o  r  : 

% 

• 

D  wu.  2  r 

H  3 

0+  •> 

Cl 

H  v< 

O 

U  2  X 

« 

«• 

vj  ’»j  c*  h  y 

to*) 

O  m, 

H 

to  to  M 

kk 

u  o 

O  «*«  J 

w 

O  *  J 

to* 

ai  ai  X 

m 

* 

a.  O  2  .ti  2 

H  ♦-* 

•*  m 

X 

J  rl 

M 

x  x  ►* : 

•St 

t* 

0  1-00 

W  vl 

— « 

*0  w 

4*3 

U  to  4T 

* 

u 

M  UI 

1-  w 

**  o 

\'g 

.j<s»  o 

»* 

_J 

% 

kk 

\tl  ^  •/>  yi  X 

4  C* 

w  M 

i 

•t  T 

•-4 

c/>  y 

< 

% 

e 

3  7*  *  M  >- 

r  o  »-  w 

o 

i»J  o 

ro 

•j  in  i- 

■r 

kk 

• 

Dnuj 

a.  r 

-J  O 

H 

•-L  H 

•» 

1-  H-  D 

H 

% 

tk 

1-  in  >  y  »/» 

•*  M 

N  •» 

«,*>  a»  ui 

■  i  2  to 

O 

** 

kk 

•Irl?  W  ^ 

^  to 

Z  7* 

•• 

to  to 

“4 

7-  111  *- 

M 

%■ 

«l 

I-  Mr 

■>  **v 

T 

#to 

rl 

M  M 

w 

«- 

kk 

JO  X  ui 

ro  w 

u  X 

M  O 

to 

►- 

O 

% 

» 

*Vrn  n  r 

«M>  «»* 

•to  to 

*-4  —< 

#—* 

»/i  •  r, 

to* 

to4 

•? 

«k 

r  MhZH 

k  •* 

r* 

•» 

to  to 

u*  X  U* 

b- 

V 

•k 

kb 

X 

K  3 

•O  r> 

> 

J  3 

to* 

h  y 

S 

to 

kk 

kk 

4  V»H  2  ^ 

•*n 

to 

rl 

H  M 

CJ 

x  or  m 

X 

fk 

kb 

M  O  O  sJ 

.to  *-» 

.1  to 

to*  %* 

o 

O  y» 

•t 

w 

kk 

m 

W  Jio  4  h- 

J  « 

O  J 

.y 

o  r 

o 

n  4aJ 

• 

c 

•k 

*• 

ura  i-  j 

o 

«t 

<  o 

H 

r-  X  O 

1 

t 

kk 

% 

/IDIO^Z 

w  r 

J  w 

Cl 

14*  H 

VI 

a 

1 

% 

•> 

O  «V  »*J  O  *U 

k- 

H  ^  VT4 

*n 

4*r  co 

o  -i  v.: 

1 

1 

% 

kk 

Cl'  2  O 

V) 

>  V 

2  S 

X 

<  \ 

■L  X 

• 

to 

*3 

% 

•to  * 

x  r  o 

U 

0  k. 

X  * 

i  * 

to  V. 

4. 

r*.  «i  »- 

1 

H 

u. 

% 

i,  • 

»t  «r  I  O  h 

O 

M  C 

toO 

o 

o 

4*1  5C 

1-4  X* 

1 

w  2 

M 

» 

to  kb 

h  i-  h 

CJ 

V 

to  r 

V 

*  J“ 

toU: 

ICO 

1 

**  t)  ~l 

2  w 

k*- 

»f*  k* 

U*  *-*  |,| 

“•  M 

r*  m 

kt 

J  H 

*N  .to 

V-  l**  I- 

M 

>»  <»  C.  V  ►  •  M 

v>  t  Si.  I  >  .  i- 

-Jn  »t  lit  !•»  tv1 

v  •  vi  a  «*  v  u 

i*i  r  <-*  —  'r  'J  *«i 

>  *  X  -*  V  X  X 

O  *  ►-  U  Z  X  X 

;  >  i 


w  w 

u  uuoouuo 


I  H  4  M  M  M  H 

*  i  &  v*.‘  i  i*  J 

*  a  a.  a  a  a  a 


D-38 


mo  arc*  »iiN3 - n-‘ .Mina. 


roociooaoaaoo  000030*3003 


or 

nto 

t 

N 

> 

•k  «k 

O 

or  0 

3  0^** 

A 

z 

u 

WW  K  Kl 

0 

0  0 

»  »NN 

X 

0 

ClT  -1 

HvM  **  «k 

-« 

or 

O  •- 

z  z  0  a 

or 

^  ^2  2 

K 

in 

iii  Ul 

WHO  0 

* 

H 

»-  or 

z  z  0  u 

X 

•> 

Of 

H  fvl  •>  » 

Ul 

Ui 

J  J 

#>k 

22hH 

~  CD 

4  cr: 

IS# 

is# 

f* 

»  •*>  > 

Kl  x 

> 

N 

M 

ISI 

N 

•J  1-  0.  a 

3 

fsi  3 

-1  »- 

•> 

•* 

N 

•k 

v  jhh 

0 

*  Z 

•  A 

O 

O 

a 

•* 

O 

2  x  •  * 

.1 

O 

a  3 

■X 

z 

** 

O 

~T 

IZ  HIM 

7  Z 

-1  2: 

0 

0 

N 

i* 

a 

•  X  2Z 

a. 

O  O 

■ll  ^ 

X  0 

0 

•k 

O 

0 

f-  *  *  «k 

X 

O  M 

*  • 

ui  a? 

t€ 

3 

O 

* 

J  J  rj  0 

1- 

Of  »- 

H 

r  * 

•k 

Z 

X 

« 

X  X  H>  k> 

•*  HI 

O  •/ 

•»  *— 

►— 

O 

•k 

w— 

zz  »  » 

L. 

k.  n 

1-  r 

—  > 

fS 

H 

*> 

x  r  3  r> 

3 

■5*  ^ 

O 

O  CL 

ft. 

a* 

> 

a 

3  3 

•k  ft.  O 

X  -* 

3 

K  HI 

H 

•k 

a 

H 

e 

LL  v  v 

U.' 

#kHH  O 

w  ••« 

•> 

•>  » 

•» 

U 

•-k 

«> 

U.  li  n 

1*1 

c-  v 

O 

r:  r 

r 

> 

•k 

•k 

-J  -i  O  O 

P 

h  «t  r  <  c 

h  2 

HI 

3 

0  » 

•k 

CL 

X 

N  2 

a 

3  3  Ul  ui 

y 

<*  z  a  r  wj 

4  < 

%*> 

*> 

►  0 

O 

HI 

•k 

•4  •* 

H 

X  X  0  0 

6 

r  a.  ►  h- 

X  X 

-» 

* 

3  H 

H 

•k 

3 

>  >  to  Ji 

a.  •*  <  0  *x 

1  1  : 

«4 

O 

«#■  • 

•> 

X 

O  HI 

-1 

ul 

•>•4  r  w  x 

Ul 

H 

•>  -J 

-J 

•k 

r*  •* 

X 

-J  -J  -J  -J 

X 

c  3l  »■  •>  M 

1  1  A 

** 

0 

u. 

mJ 

2 

-J  -1  -J  _J 

t- 

X  -k  V-  H 

«  1 

< 

< 

H>  Ul 

Ui 

rl 

21 

O  X 

X 

*X<  4  < 

••  «x  x  kt  3  y> 

1  1  or 

II 

II 

•* 

c* 

•k 

M 

0  z 

If 

OOOO 

•* 

4  r  ^  c  2  ui 

11*- 

4..  c 

0 

L» 

X 

«  2  N 

r*  <-» 

^k  m  ^ 

u* 

1  k.  L  (L  S» 

1  1  h 

wz  O 

C 

c 

CVI.^* 

w 

4-* 

w 

M  w  2 

z  r' 

M  CM  M  c\j 

K 

v  I  V  v  u  Ul 

1  1  7. 

H  H 

•-> 

-0 

0 

C 

3 

T  C  * 

•.M 

2  7.  2  7. 

t  1-  «t  0  c.  :  x 

••  n»** 

X  *  f 

•» 

•k 

f) 

0 

O 

#> 

•  #)  — « 

•  •  •  • 

r  2u»>s  *- 

SIS 

t!  H 

O 

C  V 

T*  L 

l:  1  l 

3  1*1  *L 

l*i  0 

Ul  l»!  .*"•  It 

ti  r*  t.i 

H  k—  w-  v-  \ 

S  0 

«-r  #/k  •*!  •  s  : 

2  11  II 

H- 

2 

~  0 

>  C 

-  0  »:. 

O 

x  c  v#.  c. 

cr.  3  25 

JC  JCw 

•k  X 

Ui  -1  H»  O  k-l  *k  •• 

•  ■  •  ►  ^  <3  n  w 

h>-h  1  w*'  J 
2  22  C  H  h  < 
M  MH  <  1 1 

It  .'IUQO  L 
a  a  a  2000 


«-  ^  (/.  01  u»  c« 

j  m  o  c  r>  c  3  « 
<  Jh  j  t-  J  H  J  H»  . 
»ir  j  -i  _i  j 

i  j  C  <  o  a  o  3  *4  o  1 
moooooooooo. 


1  “)  v  7t  1  1  «  , 

I.>  w  H  ^  H  W  n 
2TH 

•  03  iiilLdiO 
OZ;)M<4hmO 


•  *  <i»  X  V*  O  H  •  « 

H  a  O  H*  ♦— 

*!CJJJJ222 

*»j  <  <  u  O  i'  i 
c.  ^ooooufaa 


^  ■1  w 

h  N  n 


D-39 


ENO 


•  Otkoeon.^o^  aonounoonoa^nffoci 

a*4AJtAfttf>OA-rt7*0**rji"9ft  ^NC>.  «-T  A  •*  M  ***  •  ^O  K  O  H  N  ^  Y  if\  v0 

N  K  N»^>  •>.  N  .«.  N  N  N  O  «  O  r>  r>  .1  U  -O  OT3J'JiO,Js"'Tv’'  ?»  O  .T  »  J  j  J  ,j  *J 

<Alft  »M,\  *>  u*  J>  J\  a*  uA  J\  M«  ft*  «N  si\  »\  «ti  M\  w>  .N  •>  ik\  M(  tA  kt  ^  ,\  •)  «J  O  *J  •)  *J 

ft  *•  H  H  «4  r<Hn*4r«nH^H  *4  «4  .4  *4  «4  -4  >4  n  ■«  >4  >*  4  *4  >4 

OOOoo>r*3-»i  ooo  r  *>  9  inaajoooo-j  9  o  n  »  *»  i^ann  o 


• 

• 

• 

ft  4 

11 

t 

u 

4 

. 

u  4 

M 

Ul 

4 

ft  4 

u 

a 

ft* 

• 

O  * 

(A 

► 

Y 

• 

% 

Ul 

►- 

O 

4 

V>  4 

>- 

U 

4 

D  ♦ 

« 

>• 

l 

4 

O  1 

•4 

a 

Ul 

4 

ui  4 

w 

£ 

X  A 

• 

X  4 

4* 

W 

• 

O  * 

4A 

D 

IA 

4 

of  1 

4- 

O 

O  4 

4  K 

t 

5  4 

Z 

► 

z  1 

4  H 

K  ♦ 

V) 

W  4 

Ui 

4  X 

4  ft 

H  * 

x 

« 

r 

•> 

O 

•  ►“ 

ft?  ♦ 

0 

•U  4 

Ul 

CA 

IA  O 

•  ft 

4-  - 

Y 

O  * 

•4 

►  - 

»  £ 

ft  4 

z  • 

W 

z 

a  ► 

• 

X  4 

>- 

ft  « 

Ui 

»4  0* 

a 

»  ft 

CD 

X  4 

>- 

V 

ft 

fr- 

•  ul 

z  * 

O  # 

z 

Ul 

u  0 

S 

ft 

•  > 

HI  » 

X 

• 

«r 

-J 

«A  Ui 

r 

#  *-4 

>  - 

H 

O  • 

UJ 

cr>  •- 

A 

<v 

*  O 

H  • 

(Y 

4-  4 

Ul 

D  •» 

• 

O  4 

4- 

4 

*-» 

O 

X 

IA  Y 

4f 

♦  ft 

44 

< 

ftf  4 

1“ 

JF 

-4 

41 

O 

•k 

4 

4*  • 

4- 

1: 

»4 

4m  • 

49 

u 

IV 

X  u 

* 

K 

•  »— 

«» 

t 

••u 

tA  4 

A“ 

^r 

4- 

4-  U» 

W 

w 

4  X 

T  + 

T 

ui 

H 

•k 

t>  1 

Y 

« 

•* 

D  W 

M 

X 

*  b 

M  •* 

ftf 

X 

*4 

2 

4 

u 

X 

-I 

u 

V- 

4 

i/ 

w 

• 

•A  4 

•w 

r> 

n  — 

«A 

*A 

•  »A 

VI  % 

r> 

* 

44 

X  4 

•>  «-. 

h 

INI  W 

O  7 

u> 

H 

4  »; 

O  4 

•* 

H 

Y 

fsj 

»1 

O  * 

t  ^ 

X 

>.l 

>■ 

Y 

<  4 

•Ul 

M 

J  4 

***  H 

X 

0  I- 

0  r 

It 

a 

»  ►-# 

U»  4 

T 

O 

f* 

•k 

•» 

-J  ♦ 

Ul  •> 

v> 

H 

Z  Ul 

JO  H 

4  Y 

ft"  < 

w 

•4 

: 

44 

«r  4 

X  rt 

1-4 

Ui 

ft  j 

+AJ  Ul 

4  ft 

X 

4* 

Ul 

w 

• 

4f  *4 

X 

0  i*> 

Sfti 

ft  V 

>mi 

_i 

• 

Ul  » 

O  1- 

X 

•* 

Ul  4 

4“  v 

0  X 

X 

V 

ft 

•  UJ 

Z  4 

«x 

<  lil 

O  M 

z  4 

VI  ►- 

r> 

«  a 

cixooo 

0 

4  X 

H  4 

Ui  X 

A 

HH  V 

•-4  4 

W  < 

0 

<M  X 

r  m  0  0 

£ 

t  -4 

4* 

u. 

u 

•> 

• 

1- 

1* 

X 

>• 

•  O 

1. 

►  u 

*4 

r 

=>4 

ft  u. 

X  ~ 

•s 

< 

D  % 

ft 

0  c 

1*  h 

I* 

> 

• 

O  * 

It» 

-J 

»l'* 

■4 

>: 

O  • 

lil 

0  H  u»  0 

X  <r 

»•  rr 

O 

c* 

♦  O 

fi  « 

T 

V* 

ft 

*4  r* 

T 

<* 

*+  4 

r  x 

r  r 

•  V- 

►  4* 

■» 

*• 

r* 

i» 

4  e 

r  • 

*4  c 

J 

H  •> 

.*  t» 

r'  . 

*4  c 

:  v 

i' : 

l  1 

5 

• 

»  fr 

Da 

1- 

H 

•>14  C 

***• 

O  ♦ 

1  •  »u 

ft  H 

M  •> 

•>  ftk 

r  1 

•k  M 

M  I- 

Vi  -• 

D  •/ 

V  *— 

k- 

i 

*4 

v  • 

n  «•»  fsj 

•  * 

c  • 

..  . 

*  ml 

% 

1.“  r 

•  '<1 

O 

» 

1- 

*9  Ml  4? 

*  M 

n* 

* 

C  w  M 

»-  • 

«•  1- 

II 

K  1 

•  w 

4  • 

• 

O  H  V 

4 

IA  • 

ftf 

J 

I* 

h  ►-  r 

n  4- 

D 

;a  % 

•V  'bi  4- 

X  O 

»-4  JT 

•*  •+ 

0  I- 

•-  t.  h 

*  -A 

M  * 

4* 

'-I 

*•< 

/*■  *r 

u- 

n 

M  8 

■*  V  *A 

-I  #* 

w  H  r  H  H 

-•  r» 

V4 

•t 

w  u 

♦  W4 

X  * 

D 

•4 

O  .r 

•**  0 

u 

V. 

X  • 

S  MH 

>:  4  4 

U-  i- 

»-ft  ft 

v*l  X’ 

4v 

wi 

O  W  Ul 

.:  •  1 

H  1 

;•> 

*D  X 

0  x  u. 

Y  O 

Y 

UI 

H  1 

-A  0  r.  ft  ft 

»-»  a 

X 

a  a. 

.Y  Dr 

ft 

ft  «A  M  A 

ai  •  .« 

4 

4 

* 

• 

*■* 

vft  » 

4 

u  -ft 

*l> 

>j 

44 

1 

C 

c 

H  H 

44 

♦4 

«4 

U  O  O 

A 

N 

00 

D-40 


"  *  *****  . ••«•••  .  JIt./O 

SlMKOlTiI  J”  PR:INTrt<M,M,  r.4»T)  WIL.8J 

U1  llriSVj  I  0*AT(10f  lu>  Ot  bC90 


00  201«1,M t1  016130 

MCir*  ff.,19)  l,(0MAT(ffJ)  ,  J«1,M,1)  016110 

Poi^Ar  (iHo,;2,trw,uci»Fi3.i,fix)))  316123 


j  ar  ai  r  o  *  „  r  a.  no  *  o>  o  >-  <  >  >  o  cl  a  r  a  aan.aa.ix  «.  a  a.  a  a 

*»  %  4  ♦  ♦  4 


9  0  •  • 

HM  O  OquOU 


D-4l 


1M  1 


**MO»,IMAr  01650* 

SO-  TO  <U,2f  f3«,L0,63t ,N'X1  .  01t»S10 


OOOOOnOQ  *3-^0  0 

tvj  r>r  if\  3  n  .o  o'  *»^Nn 

JV  (A  V  >  U\  A  II\  *>  *  iA 


■ano'a'aootio  o  a  o  o  a  n  a  330900  000 

N  n  r  US  3  N  -T  O'  Tr<rjn^i^1/JS.r)J,,^HN»0^„N  r  'i>  ^  K 

kft  ift  .»  .1  ^  A*'  'A  D  &  ^  *D  -D  )  ’£  J  '3  3Nn.<i.N.,\s.N'oN«>  oa«04  3  fi  t)  O 
.3  U.*  .>«&  U  J4J 

H  W  W  -« 

oooor  aon  a  aono?»  3  ^oriAoooooo.aonoo  ao  oooo 


>  < 

*  C£ 

X  *- 

Z>  X 

*  > 


J  J 
It  to 

JOU 


o 

» 

ui 

X 

X 

o 

Z 

•> 

M 

o 

X 

Ui 

•k 

X 

4 

X 

ui 

M 

a  w 

3  ^ 

<  o 

•  o 

*  w 

4  ^ 

*  u 

ui  •> 

•  z 

fit  3 

h  - 

4  « 

•*  X 

V  Z 

o  • 

3  «k 

w  Z 

•  * 

•»  4 

H  «"T 

o  ft' 

•»ftf 

r(  »- 

Cl  5- 

-•  -r 

2  > 

*> 

«k  * 

J  » 

X  x 

^  r 

-3 

•k 

_/  * 

X  •* 

H 

<T  >■ 

•.  >. 

w 

Ul  4 

24 

J 

xx 

*X 

* 

<t  M 

U.  H 

z 

w  w 

Jf<#  rl  1 

■3  to 

1/.  CO 

2  2  n 

—1  »- 

-J  f- 

o  k*k 

4  X 

4  2 

WWW 

9  W  r j 

>  w 

;t  h  ii  k 

i/>  u;  ..  »  v  a. 

M  *o  -j 

->  a 

-j  a 

^  *  w 

o 

OA-»h 

J  J  w 

-j  -i 

►-  H  H  _J 

.1  J 

i  -J 

V 

c  «*  o 

't  4 

O  D  O  2 

ooooo  oonx 

o 

o 

o 

N 

A 

z 

4 

ar 

►- 

X 

> 

oo 

X 

hi  UJ 

o 

X  X 

•> 

</>  to 

2  Z 

o 

>>HH 

hi 

WHX  J 

xt 

to  CO 

*  * 

z 

»  u 

H 

H  H 

«k  •> 

3 

•  •>  (X  CL 

Ul  »••  N  H  Cl  a 

uf  <wz  2  r.2 

<  waf  w%.^w 

v  u«  hh^i: 

X  <*  ^  X  ►-  f- 

*  y«^*->?r 

H  YuJ  Z  Zhh 

•»  »D  H  H 

o  H  J  Q!  iV  u.  a. 

*«  -  t  a  JL 

•>  o  >  J  I 


M  **  5- 
X 

M  4  3 

O  T  O 

o  a 
x  tx  •» 
r  -a 
3  a  a 
j  olx 

O  2  •» 

o  ^a. 

a  a 
of  a.  c 

u  .1.  — 

*-  w  r 

?  r>- 

.  «»•  a.  r  x 

5  ft  «  w 

:  ~;i  ui  a. 

»-  »<>  a 
h-  « 

>  2  Cl  -J  -J 
’  J  J 

1  •*.  Wi  c  4 
'  a.  IV  o  o 


H  •‘Of  J  J<  rt 

*■  o<  4  a  o  j 

a  h  joo^/n 

u.  •>  r* - %*  a. 

t  e  11 

•  c.  2  2  »  1  7 

L  ZM  •  •  •  * 

f>  »M  »«•  k-.  hi  k_ 

x  ft.  ju  JO 

•  1  o  *  •  *  * 

z  x  c  cm  <m  a  a 

^  •*  uj  z  2  a.  a 

»■  K‘  •  r  *. 

«t  <  1  no  *  ’ 

x  x  z  z  2  r»o 

a  ao4<22 
a.  a  2  •  •  <x  <x 


raw 

a  aj 
-j  z  - 
.J  **' 

4  W  .3 

U  w  O 


CM  C.  C  U 

:  r  *  _i  -j  r  < 

>  •>  “*  r*  v-  1 

»  k-0  ^  L.  ■>  -  >  ! 

n  *  •»< 

n*  r  j  -I  «  1 

<VJ  *-  »-«  o  5-  • 
*<h jh j: : 

^  7  .»  JM  » 

o  x  o  u  o  <x  l  t 

oxooooa * 


D-42 


IF  ( MO?.. -/I.  I*.  ANO.NEXi.-IE.il  CALL  FF.TN  r*  (N,  1,  *1NM£0>  (JILBSO 

IFni'Xl.EO.!  .AN0.N2.L:  .Nil  CALL  Pf-.lHi  >1C1KAY,UU,  W,  Nl, N2 , 30)  01t6\»0 


f 


I 

I 


r 

l 


continue  .  3ir?io 


a'l  o 

o  -» 

r,  O  •>  ,3  n  o  Q 

-3  "3 

r»  *3 

«*•  « 

r  » 

*4  M  «  y  .>  as 

©  J* 

O  *4 

n-  >.  K 

f-  © 

•o  «:  -o  o  c  ©  »> 

Q  © 

J' 

N  H  N 

ft.  N. 

^  U  U  x  <.  s  ^ 

ft. 

fft.  .s. 

»<  -4  «4 

H 

•-4  ri  H  H  r«  H  H 

H  W 

4  H 

0  4  0 

O  o 

o  ao  ioq  n 

3  a 

©  3 

3 

*0 

> 

•. 

2 

O 

M 

•4 

U- 

•k 

U 

«ft 

« 

Ui 

% 

ft4 

% 

* 

o 

•k 

% 

•ft 

*4 

3 

% 

o 

•> 

*4 

% 

-3 

•ft 

w 

%  • 

v« 

«4 

X 

%  (SI 

ft»» 

< 

%  or 

o 

o 

03 

•  y  z 

•k 

U 

%  1A  O 

•ft 

•k 

*  I> 

#ft 

o 

•ft 

*  H 

T3 

H 

O 

*  «*  a 

H 

•k 

*4 

»  o 

w 

a 

•k 

%  o 

VI 

H 

%k*  ► 

Ui 

w 

r4 

«  cn 

Uf  FS 

U. 

w 

«  ui 

•>  s 

•> 

K» 

•  o 

«.  H 

try 

•> 

•  2  Ui 

a  w 

2 

•ft 

»ou 

•4  rsi 

4ft 

*  a  *~4 

•.  n 

tP 

»  (A  > 

*4  H 

X 

•k  i 

%  Ui  O 

H  ► 

•. 

O  1 

«  a  a 

w  •«. 

*4  < 

•  a 

>  K 

o 

•  >* 

O  ^ 

w 

-•  | 

^n* 

M  %F 

•k 

•4  1 

•  2iu 

UJ  «4 

(U  • 

»bih 

c 

O 

•  Z>  Vk 

ft  H 

ftft 

C? 

•»  o  > 

—  O  ~ 

CO 

#-4 

•  w*  *A 

wF  ft. 

«k 

IA  • 

•  ** 

rl  ?  *1 

•» 

•>  . 

%  u.  o 

ftMM 

ft. 

•ft  < 

%  Ui 

Oc  ft'ft 

X 

1 

»  U)  #\ 

ft*  *4  ft*  V 

•> 

•#  4 

»  x  r* 

r**  r  2 

•ft 

ft  1 

»  ►-  « 

o  »■«  >  z>  • 

'} 

3 

•  _j 

H 

H 

H  , 

%  </i  .< 

D  *»  H  ft.  <M 

•k 

«•  • 

♦  K-  CD 

Z  (Vi  Ui  ^  .3 

.3 

V  , 

»  o 

H  ">  ft  .1  t. 

ft.  *4 

*  -»  r 

J  Hft.  J  v 

(Vi  ft^ 

*c 

j  ja'sooa-jo 


SV  vs.  S 

Ui 


•-  r  %  sO 

OUfr  ^ 

JHUI  JO 

a  vctti, 

oafDw 

.  ftU  J  O  O  N 

in  v  k-i  ft-  i 

•  T  — ■  TT  >  -i  ■ 

;  l-  5  U  K  df 

w»  n  v  i 

•  m2 

j  :*»  o  -•  x 

i  <  > 

‘  s:  u.  d 


to 

tf*  «.  v 
«4  «  !•  O 
^  *  n  u  .' 
>-  «  a  •* 
«a  v  a  u 
j  »  ►« 

X  *  v%  ^ 

III  * 

>  *  i  a 

o  «  ►-  ✓> 


•*  '-  -3  <J5  <  C  «•< 

V  U.  O  T-4  —  ^  -H  V  s  v. 

«;  j  c  -  c  ;.  w  .  i  _j 

LO  <*»ClT<3  0  0<U 

C'DI  J  m  *  ~  Sw  f 

U  ('  ?  •> »■•  ^  "  7  »-  w  rf  7 

c  tim 

2T.Ju.«3X  ▼**.»-  NOV  - 


■  r  x  x  i  r  ■ 

i  -y  r>  *  o  i 

■  cm  cm  cm  aj  tj 

N  S  N  S  V  ■ 


«M  •<  H  1 

I'  (_  c  c.  C  I 


•1  \J  «m  V  »  i»>  i'i  *»  7  »  ►  »4  *—•  »  .  ‘-k 

race  nc 

J  H  A)  J  ^  *-4U.'  ^£o£t4*4<  *1  vr  <4  < 

r^r,r  u 

£  D  ^  O  m-c  H  O  •Or»C> 
(LJM^OC'OOOmOHJCOSOQ 

♦  ♦  ♦ 


V  V 

vsv  sv 

X  ~ 

o  o 

M  M  J 

o  #-.  #-  c 

o  o  n  •»* 

>J  J  u. 

VO»d  Ui 

.cl  VU.O-.-1 

DhO  X  O  O 

n  o  ■>.  i*-  o  w  ^ 

»-  _J  n'  M  f*>  #* 

Q  U.  IT  V 

*!  2  t/>  U  C  U 

<  *%  «•«  •»  >  <»  i« 

<  r  •  r.  h  f  «i 

r  *i  ^  '  e>  —  r 

x  ■>  *-  a 

a  u.  x 

u.  o 

x  r>  x 

O  x  X  X  X  X  M 

N  ■>  *4  J  J  J  N 

\  W  N  (M  W  \  \ 

/>  V  V  \  \  N  I 

*4  v*  ^  .n  b .  C  t«  *  • 
ww«~w«~>wv~(A 
w  "j  r>r?r.-n,fj_j- 

c  c  c  r.  a  c  c  «• 


«*  *t  a  <  a  <  <  n  i 
uwl-wuwHa 
»1  u  *1  4  4  4  <  D 
o  o  j  n  o  o  on  ! 


u  u  o  o  o 


D-45 


UlSl'Oa 

Am;0(1I!>  =n.<  eu  oiotio 


ctmxMue  «i6i»0 

SKiNf.-rRE^UEMCY  RES»e«5E  FOR  MUNCEO  SYSTEM-  010110 


I 


0  0  3  0^0  anno^ooo'aQoom-.io  ^  a  ■a’^ooooon  ■»  o  <"  o 

iv  m  r  .fnOs^o-jHMM  f  a  r  k  yi  r  p  h  n  ^  -•  x\  D  n* 

«4  «4  *4  «4  1W«4*4MfSj.jM*\J(VAjfUC\-.VK>0OrO*OI*‘''O'O:'O,'4*,O  /  ..*  -*  J  I  /  j  x 

A«)fl)t>4;0oj  otom  j  aj  J  o  o  o  r  \)  u  o  o  4  x  o  o  «  u  u  4  J  «n 

H  H  H  H  H  H  H  *4  r«-4w-4Hrt*<»H*<*i  H  H  H  H 

03-3  3  o  n  "»  3  j  ^  *a  **  a  a  o  j  •3qoooc'Q“»0'->3’'3  a  o  o  o 


1 

I 

X 

A 

0  l 

H  4 

t 

O 

fr- 

• 

►- 

Ct  Ol 

IA  t 

Ui 

O  fr¬ 

>- 

it 

Z>  A 

H 

>•  «  UI 

s 

(t 

O 

<0  •-  V»  Of 

or 

fr-  X 

• 

••  X  ui 

Ui 

z>  0 

** 

0—00 

0 

3  H 

O' 

or 

or 

uioaix 

fK 

MB 

O 

ui 

UI 

H  JDO 

0 

:  4 

li¬ 

0-4 

4  »•  4i 

•>  7 

fr 

fr 

WD  YO 

_> 

0 *-« 

eu 

V 

V 

^  O  J 

<c 

r  0 

1 

X 

X 

0  UJ  >-  or 

0 

•  X 

* 

fr 

fr 

X  O  M 

ul 

i 

*4 

u 

u» 

iii  bi  Z  yi 

~J 

t) 

-n 

rl 

fr 

O'  v  .• 

3 

c 

fr 

3 

UJ  Z>  C 
H  c-  o 
*0  uj  esc 
^  2 
r  *»  1 
u 
X 

1  T 

oroi 

*“  M  V 


x 

‘il  UJ 

;  x 


H  SfH 

1  a  => 
*cv  a 
%  tr  •- 
k  O  *-  D 
*  •-  3  D 

►-*  a  1 
r  o  z  — 
a  o  m  d 
-v  ~  a. 


o' 

o 

u. 


> 

O 

M 

Ui 

fr 

o 

M 

UJ 


> 

o 


r  o-  fr-  *■- 

* 

• 

fr 

M 

H 

O 

n 

UJ 

a' 

0  O  or. 

fr- 

fr- 

c 

X 

•*> 

*4 

O 

fr 

#* 

« 

V. 

10 

•n 

•» 

O 

■fr 

«*, 

fr 

• 

10  0 

to 

• 

• 

— 

3 

O 

fr“ 

CJ 

44 

0  .4 

— 

fr- 

• 

X 

X 

H 

fr- 

fr 

• 

fr 

-fr 

-fr 

UI  X 

2  r  «r 

— 

fr- 

H 

UI 

to 

O 

-S 

~> 

W 

3 

j 

O  r- 

0 

frl 

vO 

•/> 

M 

to 

►— 

-J 

H 

u 

fr 

• 

f~ 

UJ  ui 

-fr 

2 

►4  O 

M 

*-4 

<r 

ul 

*4 

•» 

r» 

0 

►4 

to 

3 

0 

ZJ 

<  ui 

*— 

X. 

• 

• 

T 

0 

u  J 

Ui 

3 

• 

• 

H 

H 

• 

• 

1— 

-J  X 

a. 

3 

X 

V 

X 

a 

*1 

fr- 

fr 

J 

0 

O 

«T  O 

0 

0  0 

*r 

fr- 

tu 

4* 

Ui 

w 

fr¬ 

> 

H) 

0 

0 

fr 

•• 

1- 

• 

O  U. 

• 

• 

aJ  O 

7i 

►- 

It 

(t 

li 

it 

O 

CD 

UJ 

to 

» 

n 

»- 

■> 

«»- 

11 

u 

•m 

V 

*  - 

-< 

•- 

% 

_ 

«s 

0 

t-% 

<v 

r 

— 1 

IV 

. 

»V 

V 

t  « 

fr 

lu  c 

> 

• 

• 

It 

— i 

u 

▼4 

44  0 

*— 

*-> 

1-4 

IJ 

O  r. 

• 

• 

**' 

*7! 

H 

c 

X 

5* 

OH 

1- 

U* 

IJ 

V 

UJ 

-J 

■* 

«k 

— 

u. 

7 

*> 

fr4 

II 

w 

•4 

c. 

> 

—4 

• 

4 

fr 

U‘ 

»-  r* 

►- 

O  V 

-J 

J 

I* 

V  ft 

fr- 

# 

•4 

-4 

fr 

y 

•> 

fr 

•« 

fr 

«•> 

V- 

fr 

M 

11 

fr 

rl 

r* 

1  : 

5 

• 

0 

• 

• 

• 

• 

fr 

• 

7- 

• 

<1 

11 

O 

l>l 

» • 

H 

H 

fr . 

frl 

»  • 

r 

—4 

— 

H 

fr¬ 

fr¬ 

1. 

It 

• 

►  •»  •» 

•» 

fr 

►  ■4 

»• 

*- 

fr 

•*  -J 

fr 

fr-« 

w 

c. 

0 

.-1 

3  »H 

II 

II 

r-t 

N 

■3 

0 

U’ 

il 

y. 

J 

II 

it 

it 

t? 

* 

.  * 

_ 

. 

fr 

v- 

•  « 

.. 

fr 

» 

•» 

«-« 

%* 

.1 

• 

“ % 

N«> 

w 

-i 

>" 

4" 

J 

-fr 

»T 

fr- 

f-  >- 

fr- 

fr 

•0  to 

fr- 

K- 

4 

fr- 

<* 

n 

fr 

• , 

-J 

H 

fr»« 

— > 

7* 

-> . 

fr4 

»-• 

4* 

4— 

w 

** 

r\ 

O 

M 

fr 

M 

z  2 

71. 

;• 

O 

M 

-4 

Z. 

z 

0 

2H. 

;t 

*r* 

0 

*1 

.(N 

CN  O 

O 

•  1 

0— 

t 

O  O 

.♦ 

rr 

X 

t- 

•  4 

O 

4  ‘H 

'•4 

H 

«4 

fr¬ 

w 

H 

»-* 

-4 

-j 

H 

ll» 

.J 

H 

M 

— 

.J 

1  fr 

•  ** 

fr* 

fr- 

.<  X 

X 

Ui 

it 

U. 

J 

0 

uJ 

Ml 

■" 

0 

0 

O 

4 

3  O 

mJ 

»l 

c. 

3 

frj 

O 

m! 

O 

0  0 

O 

O 

Z- 

&  a 

a 

a 

Y 

H 

a  c. 

X  4. 

r  * 

3 

000 

0  3  0  0 

a: 

w 

0 

3 

c. 

r. 

•- 

O 

V? 

.'J 

O 

O  vO 

»♦<'■  Olos^O 


su.ic»yjic*<'‘nAK<KtZ>*:iii'/iXtJ>> 

C0.41 


i  »  a  a  n  3  *1  a  a  a  o  son  3  o  3  or  r  □  n  0300300  000  33000 

K>^Si>>rOHN»1  T  ^  nT  N.  >  H  »0  *  •„■%  v*>  H-  t  « 

*  ^  '•>  «>  Wl  f  .>  <£  %  O  »J  J  O  W  w  0  0  K  K  N  ».  K  \  N  \  S  N  t)  t)  *)  «  O  C  O  C  OO 

»  c  ®  *)  o  o  u  o  j  <s  a  hj  *.  00-^  o  *;  -3  o  a  e  ojj3oo»4)33ooo33i.c 

*■«  H  ft  *4  *4  >4  H  r4  H  r4  *4  H  ^  H  «4  ^  *4  V»  H 
►  3  3  i  r  o  O  3  0  0  3  >  O  3  3-3000  333330  3030  3303  3  o  330  - 


1 

t 

t 

w 

u  r 

o 

2  ui 

A 

M 

D  h 

UI 

U.  iA 

a 

I 

>• 

O 

z 

««* 

Ui 

n 

U 

W  lY 

N 

H 

Ui 

•> 

o 

X  o 

iA 

a 

X 

<4  Of 

Ui 

1 

M 

ZY  O 

>• 

X 

fro 

M 

o 

w 

s 

H 

Ui 

X 

X  •* 

w 

o 

* 

o  >- 

O 

w 

• 

N  h 

2! 

UI 

o 

K  Irt 

M 

-J 

w 

«r  m 

¥~ 

o 

X 

X  *k 

iA 

z 

J 

N  1 

A 

M 

a 

ft 

O  O 

-J 

X 

c 

x  a 

«  »k 

«>4. 

u 

o  o 

-*  o 

u> 

w 

t)  u. 

•k  «k 

X 

*A  V 

•rt  rl 

m 

•—  • 

•k  to 

^  •— 

»  •> 

•>  t-Y 

0  M 

o  o 

H  «M 

w 

1  o 

a>  o 

a  _j 

O  O 

u> 

•>  X 

K  a  : 

W  H 

UI 

?  5 

•H  rl 

•k  •» 

iY 

o 

HX  02 

O  ul  to 

no 

u 

V  ^ 

3  W 

1  o 

M  1  * 

*2* 

o  •-» 

KOH^ 

— 1 

^  2  w.  | 

Cl  o 

LA 

<  V 

of  3. 

V 

r>  o  ~ 

2  2 

• 

X  ^ 

ft  *  n  * 

i>  «  t-  •• 

•3 

kJ  v- 

o 

l.l 

t  It 

IT 

l 

y 

K>  2  2 

»- 

•-  Vf* 

O  O  o 

o 

M  U  _|  -%  O  ^ 

» 

-4  1  »  « 

VV 

"O  J 

^  H  o  H 

•k  «*k 

i 

.-3  *  O  O 

X 

f- 

M  X 

•  003 

o  o 

l  ►>  >-  fto 

O 

»  W  C  O 

V) 

• 

*4 

-n  7  «  Z 

2  « 

•  >■  UJ  r<  3  W 

2 

^  1  ’  -4 

M 

«  J> 

*  — 

*)  H  J  H 

u  c  V 

V  O  Cl  „*  ^ 

•k 

•  .  ^  v*  r 

2 

a  ^ 

;  um 

H  w  j  j3  H 

H  *4^ 

•  Z  D  H  1  M 

.* 

,»  _>  (4  «4  *. 

3  7> 

h  M  V 

Z  O  v  n  V  ♦ 

3  O  o 

J  u  >-  a  n  i- 

»  ft  I  .3  O 

<\>  O 

V3  ^ 

:  c? 

H  UiO  *3  ;) 

r  ^ 

7>  H  H  W  -H 

< 

fto  w.  -  r 

v  o 

~  2  2 

.  ^  «  O  U  tl  I  < 

o  x  u  »  o  ^  r 

t  *  H  ^  ^  H  z 

r  w  *»  ♦>  o  i>  ♦  m 

♦ih  r  r  *•  *.  o  ?  «■ 

h  »  5  h  ;«  C'  "*  H  It  C 

^  c  m  *  3 

■*■*  M  H  **  h  M  kJ  —  k4  (N  | 

vO  2  •<  J  5  S  H  C  K  i 

»3  r*  vo  v  w  s#  t  r 

'V'  w  t  w  O  k  v  M  J 

VXxUmOt-iXXo 


►  .'  •  L  C  C 

?  ~  c  «j  x 

*  •'-  -j  r 

o  <*  r-  It  n 

«  J  •  « 

‘  -->  o  *  _J  _J 
:  v  -  .  v  v 

'  <v  n  ^  v 

'  J'  J  II  o  it 

Jl*l  •  A  o 

'  J  4  *4  ‘l  ^ 

i  o  o  v  ac  «* 


c  i  c  ^ 

x  u  \si/ 

<  x  %  •  «t  i- 

»»  *4  U  T  .1  i 

ui  .j  :  :  ►-  : 

j  i'  •>  •»  •>►» 


*-  Hf.  ►  •  ♦-  I 

l'  h  •!  t  ?  j 
-**-»■*-<  i  ' 

2  -*>  v  *  < 

«  o  ^  a  i\  a  i 

\ 


•  w  a  c.  u  n  c.  u- 

v-  c  r  ^  7  r  c* 

;  7  v  *"?  ►-  :  1*3 

»  —  \»*  C  -»  3  •.  »•« 

.  &  r  X  Q.  a  •  •» 

lL  I'  « 

i  j  j  j  J  j  n  r. 

•  — >  — I  — *  J  «T  •>«  *f 

:  <j  c  •<  »i  r  v  »i 

‘  o  '->  <  >  o  2  a  u: 


•  i*  *•  ' 

»  V.  ' 

k)l\  'W 

or  \  - 

S  1  U  1 


D-4? 


96  -R)*H4TClX,Ti  ,G7.e,T20f E13. 4,T35 » E13.4)  016900 

93  CtMTIMUE  ,  016910 

9999  covrmr  oi69?o 


oo  ooooo  oooooo  3  a  na  5  0  9  99003  ooooooooesofpo 
to  .r  3  ^  -n  r  o»9rjr>-r^^rN.-3(rr'»4fsifo^L"v^N.o‘r*9^«<vj»o«y  ■  j  k.  1?  o» 

<y*  J>  (T  9  r  J'  7*  w  - J  J  3  »  3  J  3  1  3nHHHHHHH»iHfaNN«yojN?ifJ.JN 

«OCO  ^  3«J3cO  J'<r3'0'a'0'0',J'fl>0'0'0'  T*<rJ' 

»4  W  -9  #4  H  »H  »4  H  H  H  H  H  H  *9  »9  »9  ^  »4  »-i  H  *9  *9  *4  H  »9  »9  «  »9  »9  »9  H  n  *9  H  H  *9 

O  C*  O  O  OOO  o  9-9099  90. 9000  900000  3  O  C9  OOO  990  *>99 


* 

X  4 

ill* 
-J  * 

^k 

a.  • 

CM 

CM 

r  * 

o 

•k 

•k 

o# 

to 

«A 

in 

o* 

4> 

4 

o 

• 

♦ 

<  • 

• 

t- 

<p>  ^ 

O' 

K. 

4 

o 

W  ro 

•k 

•k 

00* 

U.  ♦ 

«0 

o 

•>  » 

A 

m 

o 

O  4 

H 

o 

Z  • 

r< 

o 

CM 

♦ 

1 

•»  4 

• 

• 

•> 

Oi  4 

«■» 

CM 

•  H 

K. 

• 

—4  » 

4A 

4f% 

• 

4<\  *k 

1 

C 

—4 

15  < 

•O 

to 

#-»  c 

•*  • 

w 

w 

9 

Z  ' 

-> 

CO  UJ 

6- 

»-• 

•k 

4  * 

4> 

a> 

z  • 

w  V 

o 

o 

^kk 

♦ 

o 

i> 

-o 

UJ  6— 

mJ 

— » 

H 

o  • 

M 

CM 

a  z 

-JO 

a. 

a. 

W 

z  * 

O' 

O' 

CO 

z  ^ 

•s  a 

C 

» 

UJ 

w 

«A 

i— 

•kU. 

on. 

-J 

-i 

64 

«- 

—i 

•r 

o 

O  6H 

i A 

-J 

-j 

•» 

o  * 

Ui 

H 

W 

-J 

Z  Vt 

-J 

«r 

«r 

fkk 

«*  * 

•— 

• 

• 

a 

•k 

-J  .J 

o 

o 

9 

r  4 

«* 

to 

ro 

o 

-J  <t 

• 

» 

u. 

V 

V 

UJ 

H 

if  n 

iH 

•k 

U>4 

•k 

• 

• 

9 

•>  ^ 

O 

•A 

X  * 

e 

CM 

o 

o 

O 

Z 

•  0 

CD 

4-  « 

z 

► 

C3 

so 

a 

•k  ^ 

14 

«p« 

rk  u» 

• 

» 

40* 

a 

«-4 

»9 

v-  n 

IT) 

CM  M 

•n 

v>* 

•k 

o 

W 

V* 

•.  6-9 

•k 

•k 

•k 

•k 

o  « 

o 

< 

4 

• 

■*• 

X  * 

4Pkk 

c 

n 

O' 

3  ♦ 

<* 

X 

o 

<** 

o 

w  «-* 

O 

w  ro 

ro 

N>  f- 

.*> 

■ 

H  « 

X 

49  H 

o 

O 

-j 

*4  *4 

H 

•>  I 

• 

• 

• 

o 

U.  4 

«%  U!  4 

<r 

a 

X  ^ 

z  •> 

t9 

>H  O 

1 

9 

.V 

Ui  — J  CM 

5 

r 

a  >- 

O 

^  • 

*S 

•»  c 

•» 

H 

w  ♦ 

< 

-i  uj  ♦ 

X 

to 

<  •* 

t- 

•  3 

->  ^ 

• 

z  * 

JU 

Ui-  6 

V 

V 

X 

nf  ~ 

s>  •» 

ro 

-c  o 

9 

♦ 

H  4 

O  JO 

*-  o 

O 

o 

H 

O  H 

o 

• 

•  9 

• 

►4 

r—  . 

Up  U- 

*- 

».  k-  < 

•* 

c 

«•* 

. 

r- 

X  w 

c. 

X  • 

n 

• 

, 

CM 

r>  4 

4- 

X 

csr  ~  r 

r 

X 

X 

=1 

X 

w  1C 

1 

1  c 

1 

•k 

-J 

o  » 

uj  «r 

M 

w  e  nr 

•»  •* 

M 

X 

*J 

UJ 

f>  10  w 

*-» 

w  »U 

w 

P- 

c 

<y« 

r  r 

•» 

_J  ~ 

C*  CM 

• 

w* 

*«» 

rv 

z  z 

• 

— J  »- 

t- 

V-  • 

1- 

•> 

r 

r*  . 

6-1 

o 

«:ru 

m  «%  • 

z 

CP. 

.. 

«-4  O 

6- 

<1  o 

o  c  ^ 

9 

■»“ 

w  - 

4  XC 

i ;  h  f‘ 

C  C  k. 

P- 

< 

X 

#-  .-4 

Jt!  J 

— J 

-J  *4 

— J 

II 

c.  . 

_  '  t. 

X* 

■  •’  i  C 

«r  «f  i.« 

V 

• 

7* 

CM 

7* 

6-  if 

• 

Oi 

. 

1  l/» 

• 

Up  Q. 

a. 

..  w 

H 

»/> 

* 

O  -» 

11  m  co 

x  —  • 

r' 

9 

P’ 

1 

ry  *-r  p* 

<  nr 

•9 

n  ^7 

•z 

r 

M  » 

-  X 

-J 

O  3  <1 

C<  -4  II 

X- 

tl 

D 

II 

X  il  u 

»»  :? 

» 

J> 

• 

aT  JJ 

z 

-J  — J 

-j 

-J  M 

_J 

CM 

-J 

-«  ♦ 

*  «-’ 

w  k4  I  ^ 

«— 

•  7  t-  »  •»  W 

o  i- 

o  * 

H 

• 

r*  — 

w 

-J  -J 

.j 

-J  w 

-J 

-J 

X  * 

>J 

x  r  < 

U.  U.  x 

i  j 

Z 

1-4 

'u  ^  U 

Z  U1 

3  9 

X 

9 

D  »-• 

u. 

<  «r 

<x  u. 

• X 

o  < 

H  * 

* 

♦ 

l/>  O 

.V 

.YMt 

H  W  < 

or  <x  u?  «x  ur  <  / 

x  or  ui  # 

4 

4 

V- 

* 

4 

4 

Jl  D 

<-4  0  0 

OOH 

o 

o 

o 

* 

4 

r 

4 

4 

■4 

4 

} 

Si 

U  O 

*4  44 

40 

4' 

si 

OOO 

H 

CM 

D-48 


I 


•  ^  *  ri  m  *ni»  *  «*  «  ^  • 

4  fl  vl>  S.  <14  O'  •  HN 

w  >• «  n  M  n  M  *»*%»'  t  „%  . 

f  r  »'  **  ^  ^  vi'  ,a  o' 

•4  *4  «4  *4  *4  M  *1  »4  >4  »•  «4  •<  «t 

•  »!*»«  >  •  M  f4  It  1  h*  %  ** 


N  ^  n»4  4*  ,AtM  n  '9  f%  »-•••«  «*«*** 

I  U  ►  \l  »«  '4  M  f4  M  I  f>  4*  *■*  4*  *  *  «4  4NJ  ►  *  I  «A  |«  S  V  ^ 
t  -f  j  4  t  *1  <  A  **  *4  „t  A  414  |.\  *'  l*\  *\  *1  »4  *'  0  A  O  O  v*  o  4» 

O'  vP  \f'  VP  J'  O'  O'  O'  O'  ,4  ^  ^  J*  H  J4  i*  O'  O'  O*  m'  O'  f>  *4*  O'  o  *> 

•  4  *4  .4  »4  4  »4  4  *4  M  v4  »4  >4  *4  .4  » «  .4  M  *4  «4  *4  »4  4  -4  *4  »4  *4  *4 

tt  «4  r  <4  OV4  m  *4  ^  V  ||  kl  J  %  44  4  4  M  <4  H  H  |<t  •  |  H  ,4  4  4 


V 


C#to  to* 

N  M 

•t  •>  * 

Ifl  V\  4<N 

iK  V%  M 


4A  4»\ 


•  • 

i  fs 


w4 


•**  N 
fO  * 
♦  it 
X  - 
•w  v 

>i  to 
to  ^ 
+%  'A 
%4 


R  R 

♦  4 

O  V 


„A 


♦  rs  •>*  **» 

Jt  *»  *4  *4 

I  *to  ► 


4  • 

•  44  K  to 

9 

# 

1*4  « 

9#  w 

to  ^  to  1 

to* 

to* 

^  > 

fe  o 

'  to  • 

O  *  »4 

► 

M 

► 

M 

.1 

4-  4 

«!* 

M'  ‘4 

ft.  to  to  to 

to. 

»4 

*4 

►4  to 
4®  4 

to*  •  • 

♦ 

to 

* 

.1  .4 

J  M  to.  ^ 

It 

!• 

III  • 

— *  -4 

*4  *4  to  to 

w 

to* 

„  <  • 

•4  ^ 

4*  ^  1  ' 

V 

>■ 

<14  * 

uu 

o  *>  M 

<  4 

►4  1  to 

4 

A 

M  # 

•4  *4 

444  to  »  to* 

a*  • 

•to 

44  to*  »» 

to*  • 

•  fto  *4 

•* 

•-* 

•to 

>*  4 

•to 

to* 

»4  #' 

to* 

to*  •>  w  %*» 

IS. 

M  <\. 

4 

Ui 

to*< 

|»  to*  to*  tot  M>  rto  r\ 

* 

«• 

* 

% 

t 

4 

to  «* 

to 

•  H  MM 

J* 

to  r 

r  % 

1 

t 

.> 

l>  •  to  to 

%..* 

IV 

w 

wl  * 

1 « 

'  4 

AiA  0* 

0  44  *4  '4 

to. 

.»  4 

4- 

4- 

•  • 

• 

•  to  «  • 

4 

•* 

4 

-1  4 

w 

•t 

to.  m  «n 

14  >N  N 

1 4 

44 

.4 

4  4 

Y* 

»<* 

to  to 

to 

to  „»  to  to 

• 

to 

• 

\  * 

.  1 

». » 

A  A 

A 

flk  •  *1  »> 

M 

«• 

r> 

»«  4 

to! 

*•  ** 

*4 

M  ,4  *'  O  ~ 

•  1  •  •  M 

1 

to 

• 

•to 

o 

.5  4 

1 

to- 

•  « 

• 

to* 

•to 

4M 

ttl 

•4  4 

*  4  U»  V 

4  *  y 

4 

44  to  It  V  ♦ 

«  « 

to 

*  4 

« 

b  4 

1  .* 

•  1 

1 

1  ,1  1  1  * 

4 

4 

♦ 

1* 

»  • 

%•  %  ■ 

w 

to'  h  v  *■  to- 

*  ' 

♦ 

to  ■ 

* 

4  4 

U  1-4 

l\ 

l-»  4-  4- 
POtl  i> 

SfS'f'a 


J  J  JJ 

.1  .1  .1  I 

4  H  *4  4 

UO( 


f“  •*  4*  % 

>  •  ,  *  4  I 

>  v  s  44 

4  4  H  « 

n 


%  4  *  v-  V 

'  *  4*  I 

14  *  *1  !• 

»  I  *»  » 

•  4  *  4  t\»  ' 

4  .i  ♦  4  : 


►I  »•  ,.l  4 

w*  .  I  ..  I  -  *•  »  *  M 

>t  o  M  v  v  <4  ^  '*■ 
OOOOUno  »  H  ,44«  4 


¥\ 

«sl 


- 

"  4  4 »  ' 

.'M  !*»*.♦, 

4  .  >  4»*  * 

4  f' ♦*  * 

*\  %  •*»  O 

■4  %  "  »«  4 

»  •  \  *  ♦  4 

'  *  4v  *  „|  H  V  ' 

5  ; 

,  i 

«  4 

uuo 


V 

J 


s 


n 

5 

%4 

li 

44> 


III 

J 

4- 

M 


«V‘ 

v»> 

v* 

*\ 

% 

i 

i 

t 

t 


•>  II  A  * 

44  -*  |  1 

II  4  4  to  to 
'  «  w 

•  ■'  I  '  4  •  »- 
'4  *1  C  ♦ 


•  4 

•  4 

*4  J 
%4  44 


u 

** 

M 

i» 


«% 

* 

o 


V 

41 

X 

4- 

M 

4a 

♦ 

n 

44 

• 

*»4 

14 

*4' 

| 

* 

V 

« 

»  *4 

•a 

ft  to4 

•to 

O 

•to 

n 

\4  y 

o 

o 

4  * ' 

4* 

IV  4* 

to» 

t\  k»l 

4l 

Ul 

1'  1  .1 

O 

4  <4 

*4  .  1 

o  1 

V 

14 

.»!  O 

4  4 

•to  III  4  4 

f  *to 

* '  r* 

I  * 

‘  .  *  4 

•  4  to  4 

*  ' 

*  4" 

*4  4  • 

►'»  to* 

••  i\ 

*4 

to  4 

V  « 

•  4  *  %  * 

•*  »  * 

to 

«  1  4  i  • 

•to  .to 

It*  4  « 

>  k> 

k 

1 

•  '  4  * 

•  t  '' 

«•  t  ' 

■  v 

II 

*4  V* 

0  '  V* 

1  *'  *4 

•  to  *4 

*4  1 

t  t 

4  to 

4  \  • 

*  *  to. 

'1 

*  1 

>  » 

>  ■«  > 

;*  **  *  » 

4  4  1*  *  ' 

4  '  4  • 

:  V 

H 

4  4 

l«  '4*4 

^  .1  1 

*  T 

*  *  "  1 

M  *>• 

J4  *•  * 

44  • 

*  4  •  « 

.»*  V^' 

*  ’ 

t  4  U 

III*  It 

*•'  •  *  V  ' 

U  >4  * 

V  <4 

* 

4  4 

/  'It! 

4  4*  V*4 

•  Ml  l\ 

III 

I 

4\  4 
4  >  *  4 
*  I 
I  to 


4'  »»  > 


0 

»* 

H 


44 


O 

V 


D-49 


4VMrM«<19,i:>  t SXSCZd),  13>  fSZSO2(10»tl)  t VO'JTRAMdC »  H)  I2H0B 

C!H«)!*/Pl.OTil/lfSlVS{JC,l>  ,  5'JP,  I  W*5  *  JWAS  »X  WASl ,  JWAS 1  021110 

stM.iOki/nvEi/MTrsT  a2t,i20 

Z^(t.Jr,T.Ea.li)C3  TO  130  02U13J 


I 


Ift  *>  ^  *>  <T 

-  4  x  .r  j  + 

J  ->  j  ^  JO 
\i  ^  M  N  N  N 

nonou  ■» 


or  o 

r 

*  X 

a*  u 

Zl-u 

C  K  « 

«  Z 

0-4  n 

o  «  o 

m  k  «k 

O  t A 

*  r  t 

0  4  0 

•ATT 

Oft  * 

«0  r  z: 

Z  H*  O 

x'  r  •> 

UI  HH 

®  n  z 

4t  0  CO 

►-  Z  0- 

•on  » 

WO  f 

«A  ft 

*  2  ro 

t 

m  o  u 

y-  -j  o 

JOC 

O 

0ZQ 

tA  T 

*  O  0* 

UJ 

-J  o  r 

fA 

w  •>  z 

s 

►- 

<  o  •> 

mOui 

tto  •> 

UJ 

ai  0? 

*  ft* 

ii  O  X 

X 

a 

a  o  0 

O  H 

0  I  » 

o 

CO 

on  t 

•k  X  <A 

J  HIM 

t 

•k  Z  4k 

*  0-  ..1 

UJ 

JON 

<T  HO 

J)  •  * 

t 

<  o  x 

0*  3 

W  2H 

o 

Ui  0k  0k 

•  UI 

m  * 

MJ 

0-4 

IT  Zh 

w  u.  l 

*r  • 

l- 

mi-.* 

~  O 

-•  c  u 

•  *4 

ft. 

0  V  0 

«  u 

<1/10 

u. 

o 

-1  o  o 

O  U-  v— 

u 

mi  »k 

1 

a  W  J 

Z  ft 

o 

or  k  a: 

-i 

1 

uj  »k  >: 

*  ’MO 

04 

1 

rfkl/ 

►  '  3 

w 

•.  r  n 

o 

o 

*  a  0 

-M  Z  III 

<1 

-1  oo 

o 

U- 

•  3  *  Ci 

OHm 

4.1 

v  v>  r 

-J 

* 

_j  a  o 

•*  tA 

O 

t  » -t 

-1 

v  -a  r 

*o  V  V 

«k 

r  x 

x  +  ur 

0  JO 

0-i  oj 

*00 

o 

T  *  0* 

«f  r- 

•Arc 

V*  T 

00^ 

O  M 

n 

o 

♦4 

or  o 

UI  T 

•  4 

w  wt  u 

u. 

H  l/i 

0*0  J  u 

u.  a  I- 

0- 

•*  •  •«  *r 

0- 

V 

ll  Ilk  «V  ▼ 

0*  *M 

/»' 

i '  x  r*M 

«T 

O  M 

0  0  *H 

»-  r>  t«i 

r 

-  ■<  T  X 

C* 

h  4 

O  x  n  x 

ft 

<r 

r  to  0 

ft 

u 

04  ?  * 

o  ^  V 

0joa 

D 

O  2 

-»  1  O  ft 

UI  *\  f- 

n 

«r  M  X  r 

u 

a 

•  U\ll 

IV  Ci  UJ 

a 

«T 

•4 

*  -1  i  •* 

o  .r 

3 

Vi 

H  7  (1 

►- 

H 

* 

*  *  0y) 

K  O 

H 

a  <  -)  > 

< 

0- 

•> 

<D  ll 

h>-  2> 

0)0 

w 

o  r.  t  h 

o 

to  vr 

JI  IT 

a  *  in 

Hh  • 

< 

—  *  •  2  V 

UJ 

•  o 

v  J  J  vi 

t* 

4  . 

«.  0  l» 

a 

0k 

-J 

h 

*4 

c  r 

Jh  3. 

0k 

0U  O  ft 

3 

0% 

*■» 

^  P'  ^ 

-J 

»• 

ui  i»i 

fv  ♦  .•*  V 

u* 

• 

•  *  *  • 

«•* 

•  3* 

«■» 

«  ^  <s  • 

04 

"0 

|0  «t  0-»  li 

V 

•> 

0  0  0  0 

«?»  1  r 

m 

4 

r>  l 

1-  1 

.  *> 

If 

•  »  '  0 

t* 

M-* 

n  r  >  i» 

o 

c* 

C  ll  *0 

♦  V 

0k 

»w 

A  0 

0  0  01* 

r 

> 

ft  •  U  O 

f  4 

w 

0*  0»  **  W 

n 

( 

,  ,, 

u 

0 

J 

n  *0  A  u- 

*4 

■»* 

r* 

ft  T 

•J 

u 

S* 

*»•  !,»  ».*  u* 

*• 

*-  r 

** 

/** 

»- 

t-  ►  • 

O  *  ♦ 

w  v  —  t  1 

♦» 

0  4 

J 

V 

A* 

T 

K> 

—  0-  0—  1— 

•-« 

■?  ►- 

04  O 

UJ 

<.1 

?  :• 

u 

J— 

«“)  a  n »- 

0- 

i  » 

y 

.3  «*  V  ft 

O 

u 

mwmm 

T 

04 

T 

«-> 

1  W  0  4 

*0 

•t  t  n  k-* 

A 

“• 

0^ 

i*» 

*■4  T  UI  *- 

n 

r 

a 

*  i  A 

aJ 

0  O 

*k» 

a 

u. 

0- 

u  M 

O 

o 

k.l  U>  .»*  .1 

i.* 

3  A  O 

s 

3  X  X  » 

•* 

ft  O 

t  u: 

H 

z 

H  ft. 

o  <■> 

.V  Jf  *\  3t 

J  u 

u» 

o 

u*  <  r>  i- 

ft  CJ 

o 

o 

•3 

H 

(ft 

%•» 

rt 

H 

-A 

u  u  u  o  o uo 


d-51 


t»ooo  ■SMO'so^ooa 
«  Hfjw  d  ^  o  r*  -»  m  cm 

«Jt  L>  •>  «>  A  ^  „*»  u*.  ->  vrt  3  .3  JD 

4  a  h)  J  *1  3  4  0  0  4  J  .1  J 

M  *4  «S(  <M  MNfJMN  '*  «M  fVJ  «\i 

*903  90  0  0  1  «  .1  "»  r>  9 
-3 


0  3-300  aoooortaao 
»04ir  OKfll'IHfg'O  f  f\  o 
«i  sj  J  i*)  'f1  O  N  f«  N  S  S  f»  N 

j  3  j  a  u  j  n  a  j  j  j  o  i  a 

<M  CM  CM  f\i  INJ  fVJ  f  i  M  rg  'J  IM  «\J  *4  <M 

o  0  .13  n  o  r  n  ^  o  90.3 


o  a  o  o  (»  o  <9  9  on  no  o 

f»  «( r  3  4  <nj  n  ,y  \r  o  ►»  n  t 

/S.  N.  V.  0  0  9-00  o  -o  -J  -O  O 

J  j  u 

'J  fj  N  N  N  *Ni  fj  N  N  "J  IMfJ  N 

OOO  90  >9099  J  3  9 


O  n 


U  o 

Of  -H 

z  - 


8^ 
r  o 


Of 

«c 

CO 

o 


O  9 

f9  H 


O  M 

u  ~ 


K 

o 


ca  •» 

4f  CD 

z  z 


>• 

J 


r  m 

Of  x 


M  O 
O  M 


♦4  «t 
*U1 
O  Of 
M  o 


s 

2 


U 

•> 

o 


T 

C/> 


o 

w 

•O 


H  .9 

<VJ  h  ** 

X 

X 

^  H 

0  ».  ^  m 

i«  M  M 

0* 

M 

h 

CD  ~ 

On  3 

9  H«. 

0+ 

M 

H 

CD  CD 

M  M  (/l  MM 

M  *  M 

M 

1* 

Of 

•»  •> 

Ww.  /  — 

*<»  H  • 

•» 

* 

■* 

•T  T 

•  J  *  v  >• 

V  w  M 

M 

O 

ftf  * 

«  »r  n  j  j 

_i  -J  >- 

w 

* 

•J 

J 

Z  X 

0  u  x  n.  0  a 

0-4U 

U 

J 

-J 

»  »  «  MfV  #.  4  rt  ft  ft 


>*«!#% 
»  If  *3 
•O  I  H 


M  —  M 


9 

J4  H 
Q  O  ^ 

a  h< 


i>4C 

v  r 

T  ft*  W 

o  r  r 

*4  s  \  u 


m  •.  «1  2 
yon  *. 


Cft4  > 
**•»*■' 
r  3  ** 

!OHf- 

S^4 

1  : 

o  <  n 

y  !v  v 

M  V  f 

r  «t  -> 
s  »>\ 


to  -i  _i 
'/lv)U 

4  »  * 


«•<  M 

c»  r 
j«r 
c  »-  » 


1A 

< 

C 


1> 


o 


o 

Li 


o 

ui 


uxco 
r  r  T  r 
MOO* 

ooo^ 

♦ 


o  •-  c 
>•  h  r 


O.iO 
U  *4  O 
♦ 


M 

w 

«f 

c* 

0 

3 

Ui 

M 

• 

-’I 

• 

s. 

«t 

T> 

J 

< 

0 

Ui 

•>  tf\ 

9 

3 

•3 

J 

«* 

0 

4 

• 

•0  M 

M 

•» 

M 

••• 

>» 

w- 

W  . 

.*•* 

*-• 

s_- 

• 

f-  W 

w  •» 

♦ 

v_ 

• 

Vi  Li 

U 

L. 

L 

u 

X' 

t 

n 

0 

w-  II 

%n  *1 

M 

fi 

H 

C* 

y 

V  V 

t* 

t* 

1 

L 

■.) 

O 

** 

M 

n 

m  ^ 

X  11 

w 

II 

*— 

c* 

w 

•w- 

V- 

•T 

7* 

•* 

y 

•> 

•> 

*  M 

»• 

M 

M 

«- 

r* 

0 

T 

1. 

L 

1. 

•  l 

1 

i.r 

M 

*3 

M  w  », 

l  .  M 

K* 

.3 

1.  • 

•> 

•  t 

f* 

< % 

V 

-j 

J 

-J 

-J 

«  J 

mi 

11 

it 

IT  — 

M  >•  r> 

C. 

« 

•9 

z. 

« 

0 

V 

... 

v« 

u 

* 

7  II 

•-*  4  r 

.I  H 

I*  .! 

M 

r 

;• 

.1 

11 

•1 

tl 

"J 

•»* 

•» 

> 

> 

— 

w 

M  t* 

•9  r»  m 

*•  M 

M 

V 

^  ■ 

r 

•4 

-4 

►  « 

M 

M 

«— 

h-  ZT. 

(V  0  1  • 

J  *4 

-4  h 

*4 

-4 

•  4 

V' 

V 

V 

«* 

M 

“3 

n 

T  M 

T  •* 

-J 

x-»  -• 

w 

*• 

w 

J  C' 

O 

c 

c* 

c 

C' 

0  >: 

5  O  O  J  D 

4  O  U.  3 

U 

1) 

n 

p 

0 

0 

41 

ui 

Ui 

U  u> 

»i  a  0  vi  0  v 

0  n  0  0  a 

*4  O 

Q 

1  1 

»> 

n 

4 

cc 

0 

n  or  ('  o 
r  x  r  x  r 

II  II  >1  M  II 

* 

v  ..  a.  c  x 

r  v.  r  t  2: 
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